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Dear Aspirants, 

First of all thanks for your appreciation and feedbacks regarding the transformations 
we did in last issue. Your appreciation always motivates us to put in more efforts for the 
betterment of spectrum. 

Molecules form in the cool region of space when individual atom or ions happen to 
collide and make bonding with each other. These are not seen in stars as the bonds 
would not survive in the high temperatures of stars. Even the electrons of atoms retain 
their electrons at such huge temperatures. Thus the matter there exists as plasma of 
ionized atoms and unbound electrons. Over 100 different molecules have been 
identified by the astronomers in the dense molecular clouds like Orian Nebula. These 
molecular clouds are dense only by astronomical standards even the densest clouds are 
about 100 billion times lighter and thinner than the earth's atmosphere. Thus, we can 
say that not even the chemistry around us but the chemistry far away from us is also 
very complicated and Mysterious. 

We are trying hard to provide more and more material for your practice within the 
purview of our limitations. Hope you all will also be trying hard to crack the tough nut 
called EXAMINATION. The spectrum team will be anxiously waiting for your feedbacks 
and comments. 
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JEE FINAL LAP 
QUICK CONCEPT REVIEW 


Siates of Matter 


Matter exists in the following three different forms based on 
intermolecular forces of attraction: 


(i) Solids have definite shape and volume and are rigid due to the 
strongest intermolecular/atomic forces of attraction like 
covalent, ionic or metallic bonding. 

(ii) Liquids have definite volume, but no definite shape and are 
non-rigid due to weaker intermolecular forces of attraction like 
hydrogen bonding or van der Waals’ forces of attraction. 

(iii) Gases have no definite shape and volume and are non-rigid due 
to the weakest intermolecular/atomic forces like van der Waals’ 
forces of attraction. Due to weakest forces of attraction, gases 
show properties like compressibility and expansibility. They 
possess kinetic energy and velocity. They exert pressure on the 
walls of the container in which they are placed and are governed 
by the gas laws. 


Plasma and Bose-Einstein Condensate 
The Fourth and Fifth States of Matter 


Plasma is considered as the fourth state of matter 
consisting of highly energetic and excited particles that 
exist in ionised form. Plasma is found inside sun and 
other stars. It is also found inside fluorescent bulbs. 
According to Indian physicist Satyendra Nath Bose and 
German physicist Albert Einstein, there exists a fifth 
state of matter called Bose-Einstein Condensate 
(BEC). This consists of a dilute gas of Bosons cooled to 
a temperature very close to absolute zero (—273.15°C). 
The density of this state of matter is about one hundred 
thousandth the density of normal air. 


Gas Laws and Related Terms 


Name of gas law 


and definition pannlee 


1. Boyle's law At Vect (T and n constant) T,>Tp>T, 4 
constant p iE 4 
temperature, the or p,V, = p,V, To 7 2 
volume of the given 1 
mass of a gas is p x p «— (7 constant) T, Ty 
inversely V : —. a 
proportional to or Ph a Pt i 3>To>T; 
pressure. P> Po V Vor 1/p —> NV or p —> p— log 1V—> 


2. Charles’ law At V «T (pandn constant) 


<—_ 
3 


constant pressure, VY _V, 14 
the volume of a Fe =e Pee 

j 1 2 
given mass of a I Vv Po 
gas is directly (p constant) Priie ike 
proportional to Pp | bs 
absolute where, p,V,T andp are ee aan 
temperature. pressure, volume, temperature  [--7 P38 *P2*P 


45° 


and density of gas respectively. 0 T(K)—> 


logT —> 
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. Gay-Lussac's law 
At constant volume, 
the pressure of a 
given mass of a 
gas is directly 
proportional to 
absolute 
temperature. 


Avogadro’s law At 
constant 
temperature and 
pressure, equal 
volumes of all the 
gases contain 
equal number of 
molecules. 


. Ideal gas equation 
A gas that obeys all 
the above stated 
laws is called an 
ideal gas and the 
equation obtained 
by combining all 
the above laws is 
called ideal gas 
equation. 


. Dalton's law of 
partial pressure 
When two or more 
chemically 
non-reacting gases 
are enclosed ina 


vessel, the pressure 


exerted due to the 
gaseous mixture is 
the sum of partial 
pressure due to 
each gas. 


: Amagat law of 


partial volume The 


total volume of a 
mixture containing 
non-reacting gases 
mixture is equal to 
the sum of partial 
volume of each gas 
in the mixture. 


or Pi — Pe 


pT (Vand nconstant) t 
TT, 


ie 


eae 
O T (K) > 
V ocn (T and p constant) 
es 
nm Nn, 
V oc wa or pV=nRAT 
p 
oF av W,RT 
g 
orpM, =pRT 
For 1 mole of gas n =1s0, 
PM _ Be Vs 
nt, Tn, 
(combined gas equation) - 
Pr = Pr + Pa + Bs. > Protal=P1+P2 
RT Pil Pag 
~ Vo (n Theta ) i (Partial pressure 
< se of component 2) 
= AT xn, 2 SS. Po=KoProtal fee 
V 3 ws “ 
a 


where, n, =n, +, +N... 
Further, p=, 
SO, Pr =% Pr + X2Pr + XaPrz --- 


(Partial pressure”, 
of component 1)7 “+ 


re See 
where, P;, P», P3-.., ole 17s Protas], 

uW=1 Mole fraction %o=1 
N,, N,N, ...and 1=0 5 0 
sXe X%q--- are pressure, mole Variation of partial pressure 


and mole fraction of each 
constituent gas in the mixture. 


with mole fraction for ideal gas 


Y=VtYy+\y.. 


where, V, , V, , V,... are the 
partial volumes of different 
gases. Here partial volume is 
defined as the volume of the 
constituent gas at total 
pressure of the mixture at 
constant T. 


Values of Universal Gas Constant 


Rhas different values for different units of pressure(p) and volume (V) and is 


given by 


(i) R=8.314 ¢ 2) Jmol'K"', when pis in N/m’ (or Pa), V isin m’ andT is 


in kelvin. 


(ii) R =0.08205 Latm mol K", when pis in atm, V isin LandT is in kelvin. 


FEBRUARY 2015 | Ieee = 3 


PMT FINAL LAP 


(iii) R =1.99 cal mol! K"', when p x V is 
in calorie and T is in kelvin. 

(iv) If p, V and T are given in any other 
units which are not mentioned 
above then we need to convert them 
into any one of the above units and 
then apply the corresponding R 
value. It is important to note that, 
temperature is always taken in 
kelvin for any value of R. 


Trick to Solve Problems 
Related to Different Gas Laws 


For different situation of gases 
= WhenT and n are constant, apply Boyle’s 


law, 1.€. pV, = p,V, 
= When pandn are constant, apply Charles’ 
a Ve V, 
law, ie. t= 
Tf, 
= When V and n are constant, apply 


Py _ Py 

Lf, 

= WhennandV are changing under constant 
value of 7 and p, apply Avogadro's law, i.e. 


Gay-Lussac’s law, 1.e. 


= Apply Dalton's law of partial pressure, if it 
requires to find the partial pressure due to 
a gas in a gaseous mixture of non-reacting 
gases. 

= When all the parameters are changing, 


apply combined gas equation, i.e. 
BM Pal 
af, nl, 


= Ingeneral, gases are collected over water, 
i.e. obtained in moist form, so, then 
pressure of dry gas is calculated as 
Pivvaas — aqueous tension 


Aqueous tension Q is the pressure exerted 
by saturated water vapours. 


= P, moist gas 


Volume Coefficient and 
Pressure Coefficient 


Charles' law can also be written as: 

V = (t + 273.15)K (i) 
where, t is temperature in °C. 
If att =0°C, V = V,, then 


V, =273.15K ... (ii) 


t 
V=V,/14 =Vi[i+at 
| eel ol 
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where, a = °C and is called as volume coefficient and is 


273.15 
defined as the change in volume per degree change in 
temperature. 


¢ For every 1° change in temperature, volume of a gas changes by 
1 


273.15 
K (or -273.15°C). 
* Similarly we 


of V,. Hence, the volume of gas becomes almost zero at 0 


can write Gay  Lussac's law _ as 


p -p,{1 + 3 a) P) (1+ at) where, p, is the pressure at 0°C 


Hl 
273.15 
defined as the change in pressure per degree change in 
temperature. 


Effusion and Diffusion 


Effusion is a process by which gas molecules pass through small 
holes of porous membrane. On the other hand, diffusion is a 
process by which 


and a= °C and is called pressure coefficient and is 


Effusion 
different gases )<-o va through a hole) 
intermix when 
come in contact l om ENS Shs wares *F rue 

p treren 
with each other. AN wn o7 % vf | gases mix) 


The process of 
effusion and diffusion are shown in the figure below. 


Graham's Law of Diffusion 
(or Effusion) 


The rate of effusion (or diffusion) of non-reacting gases under 
similar conditions of temperature and pressure are inversely 
proportional to the square root of their densities or molar masses. 

1 


“Tq “YM 


¢ If zr, and 5, are the rates of diffusion of two gases of molecular 
weights M, and M, and densities d, and d,, then 


ec 
1) d, M, 


e If V, and V, are the volume of two gases diffused (or effused) in 


Hence, rate of diffusion (or effusion), 


; V, V, 
timet, andt,, then, =—~ andr, =— 


an t _ Vib _ ; _ |M 
rt Vit, M, 
¢ Iftwo gases are — (or a ira different pressures p, 
Fy 
t, Ce nM 


e This law is or in enw molecular weight and vapour 
density of different gases. 


and p,, then 
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where, 


Kinetic Theory of Gases 


This theory was developed during nineteenth 
century to explain ideal gas behaviour in terms of 
movement of molecules. 


This theory is 

assumptions: 

e A gas consists of extremely small discrete 
particles called molecules, dispersed through 
out the container. 


based on the following 


e The molecules are so small that its volume is 
neglected in comparison to the total volume of 
the gas. Hence, the average distance between 
two gaseous molecules is much large as 
compared to their size. 

e The intermolecular forces are negligible. 
Hence, the gas molecules move freely 
independent of each other. 

e The gas molecules move in straight line 
randomly with high speed. They continuously 
change direction on collision with each other 
or with the walls of container. 

e The collisions are perfectly elastic resulting no 
loss of kinetic energy during collision. 

¢ The effect of gravity on motion of molecules is 
negligible in comparison to the effect of 
collision. 

¢ The pressure exerted by a gas is due to collision 
of gas molecules to the walls of container. 
Higher the number of collisions per unit time 
per unit area, higher is the pressure. 

¢ Ata particular instant different molecules have 
different speeds, however the average kinetic 
energy of all molecules is assumed to be 
directly proportional to absolute temperature. 

E,, ©T (T is in kelvin) 

e This theory explains macroscopic properties of 
gases like pressure, temperature, thermal 
conductivity, viscosity, etc., and microscopic 
properties like kinetic energy. 

¢ Based on postulates of kinetic theory of gases 
the following equation can be derived. 


rms 


pV =| mNv 


p = pressure exerted by gas molecules 
V =volume of the container 

m= average mass of each molecule 

N =number of molecules 


Vims = root mean square velocity of gas 


Formulae Derived from 
Kinetic Gas Equation 


Based on the above equation, the following formulae can be derived: 


(a) Pressure exerted by gas molecules It is given by 
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Velocities of Gas Molecules 
Three different types of velocities are defined 
for gas molecules and are given as : 

(i) Average velocity (v) 


AGM aes pati tMen Ns j= Sev |= 
Seyi T 1 Tp 
(b) Average kinetic energy of gas molecules (E,:) where, p =density of gas, M =molar mass of gas 

For 1 mole of a gas (N= N,), z.. _ 3 RT = 3 oy (ii) Root mean square velocity (v,,,,) 

2 2 y- [at ti ue 
= 3 3 
For nmole of a gas Ey, = gree == ae 
per sev fe 
For a single molecule E,, = OT a 2 —kT Pp 
Nz 2 


where, 


k= =1.38 x10 J mol K™ 


A 


, is called Boltzmann constant. 


¢ Hence, average kinetic energy is proportional to absolute 


temperature. If T = 0 K (—273.15°C) 
Ey, =0 


Thus, absolute zero (0 K) is the temperature at which there is no 


molecular motion of gases. 


Degree of Freedom (DoF) 


e Itis the number of ways a gas molecule can move or store energy. 

e The total energy of a molecule is equally shared by all its degree of 
freedom which is called equipartition of energy theorem. 

e Average kinetic energy of a molecule per degree of freedom is 


our. 
2 


Degree of freedom E 
KE 
Gas type lecul 
Translational Rotational Vibrational (per molecule) 

onoatomic 3 0 0 Sur 

Diatomic 3 2 0) Sur 
2 

Polyatomic 3 2 3N-5 Sur 
Linear) 
N-atoms) 
Polyatomic 3 3 3N-6 3 AT 
Non-linear) 


*« According to kinetic theory of gases, the internal energy of an 
ideal gas is equal to translational kinetic energy of gas molecule. 


So, KE =U =" nrT =2pv 
2 2 


(iii) Most probable velocity - It is the velocity 
which maximum number of molecules 


possess. 
on 2p fe 
p 


c BE be 


=1:1.128: 1.224 


» <V<V, 


= 


Trick to Solve Problems Related 
to Velocity of Gas Molecules 


To get velocity 
R=8.314J mo 


inms™, take M in kg, 7 in K and 


a ae 


If pandT both are given, apply the equation in terms 


OFT 1.8. Ving 


and pin Nm~. 
For two differen 


or 


For a gas at diff 


“VM 


To get velocity inms 


a and not in terms of p. 


“| take p in kg m= 


't gases at same temperature, 


l 
Voc, /— 
VM 


i aes M, 

Vy M, 

erent temperatures, 
Vv T, 

«eV7T ort= j+ 
vy) Vi 


For two different gases at different temperatures, 


vy _ TM, 
Vy TM, 
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Maxwell-Boltzmann Distribution of 
Molecular Speed 


At any particular time, different molecules have different 
speeds and hence kinetic energies, then the average 
value of speed and kinetic energy is considered. Maxwell 
and Boltzmann gave the following distribution curve for 
molecular speed and number of molecules moving with 
that speed at a particular time. 


Some molecules 
move at low speed 


—> 


Most molecules move 
around average speed 


Some molecules 
/ move at high speed 


Speed (v) —> 


Number of molecules 


VpV Vims 


Distribution of speed of gaseous molecules also depend 
on molar mass of gas and temperature, as shown in the 
curves below. 


M,>M2>My3 
t M,(Xe) 131g mol! 
o (T=constant) 
@ 
3 
a M,(Ar) 40 g mol 
€ 
re) M3(Ne) 20 g molt 
ca) 
ne) 
E 
=| 
Zz 
(0) 1 1 1 1 J 
0 200 400 600 800 1000 


Speed (ms~!) —> 


For gases with higher molar mass, the average speed is 
lower and the distribution of speed Is less broad in 
comparison to gases with lower molar mass, at same 


temperature, 
1 
Vo, {— 
M 


Likewise for same gas, at higher temperature, the 
average speed is higher and the distribution of speed is 
more broad in comparison to gas at lower temperature. 


Collision Properties 


An effective molecular collision is important during a chemical 
reaction between gases. Also, transport properties of gases like 
diffusion, effusion, etc., depend on molecular collision. 


The following properties are related to molecular collision: 

(i) Collision cross-section (o) In the figure shown below, for a 
successful collision of approaching molecules with molecule A, 
they should approach within a distance of one diameter (d = 2r) 
of A. Hence, the area of target to collide molecule A is the 
circular area, td”, and this area is called collision cross-section. 


The centre of the molecule B 

comes within d of the centre 

of molecule A so the two 
molecules collide. 


=> 
The target represented for two 
BandC ? molecules to collide is a circle 
approachA, } with diameter d 
but only Area = x(2r? = nd* 
B will 
collide 
=> 


The centre of the molecule C 
farther away than d so there 
is no collision. 


(ii) Collision frequency (z) It is the number of collisions that a 
molecule undergoes in a second. It depends on pressure 
(i.e. number of gas molecules per unit volume) and distance 
travelled by the molecule. 

From kinetic theory of gases, 


z=V2N, vas { P) 
RT 


(iii) Mean free path (A) It is the average distance travelled by a 
molecule between two successive collisions. 


distance travelled in one second V 


av 


number of collisions in one second Z 


RT T 
——— orraa ; 
aes N,op oxp 
This implies 4 is directly proportional to temperature and 
inversely proportional to pressure and collision cross-section 
(size of molecule). 


Hence, A = 
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Real Gases 
A Deviation from Ideal Behaviour 


The gases which obey gas laws are called ideal gases, and 

those which do not obey exactly are called real gases. 

e Real gases show ideal behaviour, i.e. obey gas equation 
under moderate conditions of temperature and pressure 
(especially when pressure tends to zero). 

¢ However at high pressure and low temperature real 
gases show major deviation from ideal gas behaviour. 


Reasons for Deviation from Ideal Behaviour 


It is mainly due to the following assumptions of kinetic 
theory of gases which do not hold good under all 
conditions. 
(i) Intermolecular forces of attraction between two gas 
molecules is negligible. 
(ii) Volume occupied by gas molecule is negligible in 
comparison to the total volume of gas. 


Compressibility Factor (Z) : An Explanation to the 
Deviation from Ideal Behaviour 
The deviation from ideal behaviour can be explained on 


the basis of compressibility factor (Z), which is defined as 
the ratio of measured molar volume (V,,) of a gas to the 


molar volume of an ideal gas v. -) at same 
p 


temperature and pressure, i.e. Z = . 
v° RT/p = RT 


The following three values of Z are possible : 


(i) When V,,=V,,, Z=1 and the gas behave as ideal 
(perfect) gas. At very low pressure and high 
temperature real gases behave as ideal gas. 

(ii) When V,, > V°,,,Z > 1,i.e. the gas is less compressible 
than expected from ideal behaviour and shows 
positive deviation. This happens at high pressure, 
pV,, > RT 

(iii) When V,, < V°, Z<1, i.e. the gas is more compressible 
than expected from ideal behaviour and shows 


negative deviation. This usually happens at 
intermediate pressure, pV,, < RT. 
Remember Z = DV. M a = . 
RT x xT p T 
Vv, M M 


where, M = Molar mass of gas. 
¢ The variation of Z with pressure for different gases is 
shown by the graph below: 
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1.84 
1.6+ No 
He 
144 202 cy 
_ 1.24 CO, 


Ideal gas 


0° 300 400 600 800 1000 
p/bar 


van der Waals’ Equation 


e In order to rectify the errors caused by ignoring the 
intermolecular forces of attraction and volume of gas 
molecules, a correction in pressure and volume terms 
in ideal gas equation was necessary. 

e Johannes van der Waals' proposed the following 
modified equation which is valid for real gases up to a 
large range of temperature and pressure. 

Ideal 


pressure (p) Ideal 


volume (V) 


2 pam desi 
| Sear 


id 


Pressure correction 
factor to consider 
intermolecular forces 


Pm 


Measured 
pressure 

e There is a positive sign to pressure correction, because 
when intermolecular force is considered, the molecule 
will exert less pressure to the wall. Hence, measured 
pressure will be less than the pressure predicted by 
ideal gas equation. 

e There is a negative sign to volume correction, because 
when molecular volume is considered, the volume in 
which molecules can move becomes less than the total 
volume of container. 


Volume correction 
factor to consider 
molecular volume 


Measured 


volume 


e Here a and b are van der Waals’ constants, where a is 
an indirect measure of magnitude of attractive forces 
between molecules. Higher the value of a, higher is the 
ease of liquefaction of the gas. Hence, higher the value 
of a, higher is the strength of van der Waals’ force. 


Unit of a atm? mol” or Nm‘ mol” or Jm’ mol” 
e bis a measure of the portion of the gas which is not 
compressible. 


Unit of b: Lmol”! or m’ mol™!, 
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Boyle Temperature (7, ) 


It is the temperature at which real gases obey 
ideal gas equation over a wide range of 
pressure and is given by 


a 
Tose 
” Rb 
Hence, at T=f,, pV =constant or 
Lim pV) Ms =0 
p70 Op x 


¢ As T, <a, higher the ease of liquefication 
higher, is the value of T, 


van der Waals’ Equation at 
Different Conditions 


(a) At low pressure V >> b, hence van der 


Waals’ equation (for 1 mole of gas) 
becomes 
a 
(p+ |v =Rr 
or BY (1 =] Z 
RT VRT 


(b) At extremes low pressure V >> a, b, hence 


both the terms oa and b can be neglected. 


Hence, van der Waals' equation becomes 
pV =RT (For 1 mole of gas), i.e. real gas 
behaves as an ideal gas. 


a 


(c) At high pressure p >> ve hence — can 


be neglected, and van der Waals' equation 


becomes 
p(V — b) = RT (For n=1 mole) 
or By =Z=1+ ee 
RT RT 


2 


At low temperature Both p and V are small 
and hence both pressure and volume 
corrections, are appreciable. Hence, there 
is no change in the van der Waals’ 
equation. 


Limitations of van der Waals’ 
Equation 


e Although it is able to explain behaviour of 
real gases over a wide range of pressure and 


temperature, it yet shows considerable 
deviation at extreme low temperature and 
pressure. 


¢ Values of a and b do not remain constant over 
the entire range of temperature and pressure. 


Liquefaction of Gases 


e Agas can be liquefied by decreasing temperature and increasing 
pressure. 
e The following critical states are defined for liquefaction of gases: 
(i) Critical temperature (T,) It is the minimum temperature above 
which the gas cannot be liquefied, ever a large pressure is 
applied. It is given by, 
T, = 8a 
27Rb 
* Gases having higher intermolecular forces like NH,,H,O, SO,, 
CO,, CL, etc., have higher value of T, and can be easily liquefied. 
However, gases having very low intermolecular forces like H,, He, 
N, , Ar, O,, etc., have lower value of T, and are very difficult to 
liquefy. 
(ii) Critical pressure (p,) It is the minimum pressure required to 
liquefy a gas at its critical temperature and is given by 
_ a 
--27b° 
(iii) Critical volume (V,) It is the volume occupied by a mole of gas at 
critical temperature and pressure and is given by 


P. 


V, =3b 
Remember Critical compressibility factor (Z,) is given by 
gota 26475 
RT, 8 


c 


All gases behave as van der Waals’ gas if its critical compressibility 
factor is equal to 0.375. 


Liquefaction of CO, gas 


Thomas Andrew studied the isotherm of CO, and obtained the 

following graph showing T,, p, and V, for CO, 

e From this graph it is 
clear that the T, and p, 
values for CO, are 31.3°C 
and 73.8 bar 
respectively. 

e At 50°C and above, the 
isotherm of CO, looks 
like that of an ideal gas. 
However at any 
temperature below T,, 
the graph has 3 parts. ; 

* In the first part from A to ‘se 
B, volume decreases on ee are 
; : Isotherm of CO, showing critical temperature 
increasing pressure. In 
the second part from B to C, volume decreases suddenly at 
constant pressure indicating liquefaction of gas and from C to D 
there is an appreciable change in pressure for very small change 
in volume. 


CU — 


73.8 bar 


Pc= 
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Liquid State 


Intermolecular force in liquids is intermediate of gases and 
solids, which is stronger than gases and weaker than solids. 


They are held together by van der Waals’ forces like 
dipole-dipole attraction, London forces, hydrogen 
bonding, etc. 

They have definite volume, but not shape as the 
intermolecular forces are not enough to fix the molecules 
at a definite position in crystal lattice. 

The densities of liquids are intermediate of gases and 
solids and decrease with increase in temperature. 


Other Physical Properties 


In addition to above mentioned liquids possess the 
following physical properties: 


¢ Vapour pressure 


S 


(a) Evaporation When kinetic energy of a liquid molecule 


exceeds intermolecular forces of attraction, it escapes 
as vapour and the 


process is called & 
evaporation. 8 

[e) 
The kineticenergy £ 

ke) High energy 
and temperature 5 molecules 
ofrest ofthe liquid % 
decreases after © 


evaporation due to > 


loss of energetic 
molecules. Water 
is kept cool inside earthen pot is based on this 
principle. 

Evaporation takes place at any temperature below the 
boiling point of a liquid and its rate increases with 
increase in temperature due to increase in kinetic 
energy of molecules, and can be explained by the 
above graph. 

Vapour pressure During evaporation or boiling, the 
pressure exerted by vapours in equilibrium with liquid 
at a particular temperature is called vapour pressure. 


Kinetic energy 
Kinetic energy distribution in liquids 


The pressure due to vapours at a given temperature T is 
given by p= = RT =CRT 


where, C is concentration of vapours. 
Vapour pressure increases with rise in temperature and 
can be calculated by Clausius-Clapeyron equation as: 


log| 22) =F (1 _1) @ sn) 
p,) 2.303R\T, T, 


where, AH,,,, is molar enthalpy of vaporisation. 
increases due to intramolecular 
hydrogen bonding in a molecule and decreases due to 
intermolecular hydrogen bonding between molecules. 
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(c) Boiling point The temperature at which the vapour 
pressure of a liquid becomes equal to the external 
(atmospheric) pressure is called boiling 
temperature at that pressure. 

If the external pressure is 1 atm, the boiling 
temperature is called normal boiling point and if 
the external pressure is 1 bar, the boiling 
temperature is called standard boiling point. 

Heat of vaporisation (AH,,,) It is the heat required 
to vaporise a unit mass of a given liquid at constant 
temperature. It depends on intermolecular forces 
and temperature. 

AH,,, decreases with increase in temperature and 
becomes zero at critical temperature. 


Surface Tension and Surface Energy 


The force acting along the surface of a liquid at right 

angle to any line per unit length in called surface 

tension. 

¢ Due to surface tension the molecules at surface tend to 
acquire minimum surface area. 

¢ To increase surface area, the given force must 
overcome surface tension. Hence, the energy required 
to increase surface area by one unit is called surface 
energy. 

Work 


Change in area 


_ Force 
Length 


Surface tension (T) = 


Unit =Nm"' 


¢ Due to surface tension, liquids tend to rise or fall in 
2T cos 8 


Tpg 
p = density of liquid 
6 = angle of contact. 


capillary tube, and is given by h= 


T =surface tension, 
r =radius of capillary, 


Viscosity and Fluidity 


e Viscosity is the measure of the resistance offered to 
the flow of liquid due to internal friction between two 
liquid layers. 

e The viscus force between two liquid layers of area of 
cross-section A, separated by a distance dx having 
velocity difference dv is 


where, 


where, nis coefficient of viscosity, and is constant for a 
liquid at a given temperature. 


Unit of y : Nsm” or Pa-s (SI unit), poise or g cm''s” 
(CGS Unit) 
e Viscosity decreases with increase in temperature and 


can be calculated as lo =log,, A+ ——_*— 
Dio N Gio 2.303 RT 


e The reciprocal of viscosity is called fluidity. 
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p-Block Elements 


Group 13 Elements 
(The Boron Family) 


* Boron family contains boron, aluminium, gallium, 
indium and thallium with general valence electronic 
configuration of ns”, np’. 

¢ Boron is a non-metal with high melting and boiling 
point due to formation of strong crystal lattice. Rest of 
the elements are soft metals with low melting point 
and high electrical conductivity. 

« Physical properties like atomic radius, ionisation 
enthalpy, electronegativity and melting point do not 
follow a regular trend down the group, as shown in the 
table below: 


Irregularity in 


Property trend Reason 

Atomic radius Ga<Al Poor screening effect of 
d-electron of Ga. 

lonisation B>T|l>Ga-> _ Poor screening effect of d 

enthalpy Al > In and electrons, which are 


unable to compensate 
increase in nuclear charges. 


Electronegativity B>TI>In> Irregularity in atomic radius. 


Ga>Al 
Melting point B>AIl>TIl> — Formation of strong crystal 
In > Ga lattice in boron. 


* Ga has the second lowest melting point (29.8°C) after 
Hg, but having very high boiling point of 240.3°C. 
Hence, it can remain in liquid phase at a larger range 
of temperature and is used to measure high 
temperature. 


= Gallium is very useful in semiconductor electronics in form of 
gallium arsenide (GaAs), which converts light directly into 
electricity. 

= GaAs is a covalent crystal with zinc blende crystal structure, with 
Ga in + 3 oxidation state. 

= tis prepared by the following reactions, 

2Ga+2AsCl, —> 2GaAs + 3Cl, 
Ga(CH,), +AsH, —> GaAs + 3CH, 

= It has many advantages over silicon as a semiconductor and is 
used in the manufacture of devices such as laser diodes, solar 
cells, infrared LED, optical windows, etc. 

= The advantages are, it has higher electron mobility, more 
resistant to heat and produces less noise in comparison to 
silicon diodes. 
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Chemical Properties 
(i) Oxidation state and bond type 


¢ B and Al show +3 oxidation state (OS) and Ga, In, Tl 
show both + 3and+1 oxidation states. 


¢ The stability of +3 oxidation state decreases and +1 

oxidation state increases down the group. 
Ga** > In°* > TSt, Ga* <In* <TI* 

This is due to poor shielding effect of d and f-electrons, 
that restrict ns electrons to take part in bond formation 
(inert pair effect). 

¢ Boron forms covalent compounds due to high ionisation 
enthalpy. Rest elements form both ionic and covalent 
compounds. 


¢ Compounds in + 1 oxidation state are more ionic than the 
corresponding compounds in + 3 oxidation state. 


¢ Due to incomplete octet, boron acts as a Lewis acid and 
forms coordinate bond. The tendency to behave as Lewis 
acid decreases down the group. 


(ii) Reaction with air 
e They react with O, and N, at very high temperature 
forming oxides and nitrides respectively. 
4M(s) +30, (g) —*> 2M,0, (s) 
2M(s) + N, (g) —*> 2MN\(s) 


where, M = group 13 element. 
Tl also forms T1,O with O,. 


REMEMBER 


= Although Al is more reactive than B, it is stable in air and water due to 
formation of Al,0, oxide layer that prevents its further oxidation 
(reaction). 
= Acidic nature of oxides decreases down the group. 
B,0, >Al,0, >Ga,0, >In,0, >TI,0, 
Acidic 


Amphoteric Basic 


(iii) Reaction with acid and alkali 
¢ B doesn't react with acids and alkali even at moderate 
temperature, but when fused with alkali, it liberates H,. 
2B + 6NaOH—> 2Na,BO, + 3H, 
¢ Both Al and Ga react with mineral acids and aqueous 
alkali showing amphoteric nature. 


2Al(s) + 6H,0* (aq)+6H,O() —> 
(with acid) 


2[A1(H,O), r* (aq) 


Hexaaquaaluminium (III) ion 


+3H, (9) 


2Al(s) + 20H (aq) +6H,O(J) —> 2[Al(OH),] (aq) + 3H, (g) 
(with alkali) Tetrahydroxy 
aluminate (III) ion 


e In and Tl react with dilute acid liberating H, gas. 


(iv) Reaction with halogen 


¢ They form trihalides. All trihalides of group 
13 elements are known except TI,. 

¢ The fluorides of Al, Ga, In and Tl are ionic, whereas 
the rest are covalent in anhydrous form. 


REMEMBER 


» Anhydrous AICI, is covalent, but when hydrolysed, it gives 
Al** + Ag ions showing ionic character. 
AlCl, +6H,0 —> [AI(H,0),)°* + 3CI- 
(White) (Yellow) 


= This solution conducts electricity and also acidic in nature, as it 
gives H* ion [AI(H,0),]** (ag) == [AI(H,0); (OH)]7* + H* 


¢ The halides form complexes and the ability to form 
complexes decreases down the group. B only forms 
complexes of the type BX,L, whereas others form 
complexes of type MX,L, due to the presence of 
vacant d-orbitals. Here M = Al, Ga, In, Tl 

e All trihalides are Lewis acids and the electron 
accepting tendency decreases on moving down the 
group. 

¢ For different halides, the acidic strength follows the 
order BF, < BCl, < BBr, 
This is due to back bonding in case of BF,. 


(v) Formation of oxyacids 


Among group 13 elements, only B forms oxyacids 
when B,O, reacts with water. The structure of some 
important oxyacids are given below. 


H\ 
O 
HN | 
O B 
| fe) ) 
fg 
fo) Oo B. B H 
: og er 
H | 
H 
Orthoboric acid (H3;BO3) Metaboric acid [(HBO,)n] 


Anomalous Behaviour of Boron 


Due to small size, high electronegativity and 

non-availability of d-orbitals, it shows the following 

anomalous properties: 

(i) It is a non-metal with very high boiling point, 

whereas others are metals with low boiling point. 

(ii) It forms only covalent compounds, whereas 
others form both covalent and ionic compounds. 

(iii) Its maximum covalency is 4, while that of others 
are 6 due to the presence of vacant d-orbitals. 

(iv) Only boron exhibits allotropy and also exists as 
both crystalline and amorphous forms. 
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(v) Its oxides and hydroxides are acidic in nature. Its 
hydrides are more stable in comparison to others. 

(vi) It shows diagonal relationship with Si, due to its small 
size and similar e/m ratio. 


Compounds of Group 13 
(a) Diborane (B,H, ) 


Diborane is a colourless toxic gas that catches fire on 
exposure to air releasing enormous amount of energy. 
B,H, + 30, —> B,O, + 3H,O; AH = —1976kJ mol 
e Itis prepared in the following manners: 
(C, Ha), 0 ; 
ABF, + 3LiAIH, ——*——> 2B,,H, + 3LiF + 3AlF, 
Diglyme 


2NaBH, +1, — > B,H,+2Nal+H, 
(Laboratory method) 


2BCl, + 6H, —“" 5 B,H, + 6HCl 
discharge (Industrial method) 
e It shows the following chemical properties: 
B,H, +6H,O—> 2H,BO, + 6H, (g) 
B,H, +2KOH+ 2H,O—> 2KBO, + 6H, (g) 
2B,H, +2Na —"*> NaBH, + NaB3H, 
B,H, + X, —> B,H, X +HX 
B,H, +2CO—> 2BH,CO 
B,H, + HCl— B,H,Cl+ H, (g) 
B,H, + 2NH, ——““——> B,, H, :2NH, 
temperature 
B,H, -2NH, is ionic and exists as [BH,(NH;),]*[BH,]” 
which on further heating in excess of NH, forms boron 
nitride. However on heating at 200°C, a _ volatile 
compound borazole or inorganic benzene is formed. 
3B,H, -2NH, —> 2B,N3H, +12H, 
Borazole 
Banana Bonding 
BH, shows banana bonding, where the 4 terminal B—H bonds are regular 
two centred-two electron bonds (2c—2e) whereas the bridged bonds 
(B—H—B) are three centred-two electron (3c—2e) bonds, as shown 


below: 


Bridge Terminal 
hydrogen hydrogen 


Structure of BoHg 


Nd H a 
a ™ 


Banana bond 


(bo) Borax 


It is a crystalline solid and exists in three forms such as 
prismatic borax (Na,B,O,:10H,O), octahedral borax 
(Na,B,O, -5H,O) and borax glass (Na,B,O,). 
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* Borax exist as[B,O; (OH), }~ ions as shown below. 
‘. 
ae 
MOOR 
97 ON, 
x. O ~B—OH 
ON ,-0 


| 
OH 


Structure of [B,O,(OH), | 


HO—B 


* Some of the important chemical reactions are : 
Na,B,O, + 7H,0 —> 2NaOH + 4H,BO, 
Na,B,O, + 2HCl + 5H,0—> 2NaCl + 4H,BO, 
¢ Borax when heated strongly forms a transparent glassy 
mass, called borax bead, which is used in qualitative 
analysis for the detection of coloured radicals like Ni’*, 
Co?*, Cr’*, Cu2*, etc. (Borax bead test) 


Na,B,O, 10H,O— > Na,B,O, 
—4_52NaBO, + B,O; 
(Borax bead) 
CoO + B,O, —4> Co(BO,), 
(Blue) 
Cr,0, +3B,0, —*»2Cr(BO,), 
(Green) 


(c) Orthoboric Acid (H,BO;) 


e Itis prepared from borax as: 
Na,B,O, + 2HCl+ 5H,0 —> 2NaCl+ 4H,BO, 
e It is a weak monobasic Lewis acid. 
e It acts as a Lewis acid by accepting electron from OH™ ion 
as shown below B(OH), + 2HOH—-> [B(OH),]° + H,0* 
¢ It is sparingly soluble in water, but highly soluble in hot 
water. 


¢ It shows the following reactions on heating 


HBO, —“-sp0, —“+99,0,— "89" 45 6, 


e It has a layer structure in which planar BO, units are joined 


(d) Aluminium Chloride (AICI ,) 


e It is white in pure form and acts as a strong Lewis 
acid. It is extremely hygroscopic and fumes in moist 
air due to formation of HCl. 

e It exists as monomer above 800°C with 
sp’ hybridisation (triangular planar), however below 
400°C, it forms dimer (Al, Cl, ) with sp’ hybridisation 
(3 covalent and 1 coordinate bond) as shown below: 


CILeg Cl 2 Cl 
on Sop, 
ye 101° 7g alc) 118° 

Cl Cl Cl 


¢ Some of important reactions of AlCl, are : 
Al, Cl .12H,O —*> ALO, +6HC1+9H,O 
ALCl, +12NH, — 2(AIC1, -6NH,) 


Group 14 Elements 


(Carbon Family) 


¢ C(6),Si(14),Ge(32),Sn(50) and Pb(82) belong to this 
group with general valence electronic configuration 
of ns’, np’. 

¢ Cand Si are non-metals, Ge is a metalloid, whereas 
Sn and Pb are metals. 

e Physical properties follow regular trend except 
ionisation enthalpy, density, electronegativity, 
melting point and boiling point. 


REMEMBER 


= The first ionisation energy decreases regularly up to Sn and 
hen increases from Sn to Pb due to poor shielding of d and 
Forbital electron, whereas second, third and fourth ionisation 
enthalpy follow irregular trend. 

= Melting point decreases from C to Sn and then increases from 
Sn to Pb, whereas boiling point regularly decreases down the 


through hydrogen bonds. group. This is because the metallic Sn and Pb do not use all the 
HoH our valence electrons in metallic bond formation. 
6-——<0 = Density decreases from C to Si and then normally increases 
ANaP™. 
HO NBS oy rom Si to Pb. 
he eral es Not 
ae . 
i JNA re Aw, Other Properties 
*=BS5 acme 
| 3 | Catenation 
H 4 4 4 one trigonal 
| | B(OH); Carbon shows maximum catenation (ability to form 
ABP 6—6 a chain and ring structures) due to high C—C bond 
H \] H Nay H a . H enthalpy and this tendency decreases down the group 
H 0 r WN “es 7 due to decreases in bond enthalpy. 
LN" 
H oH 
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Allotropy 


All elements of this family show allotropy. Carbon exists in a 
number of allotropic forms due to the property of catenation 
and pz-pz bond formation. 


Allotropes of Carbon 


Carbon exists as both crystalline and amorphous forms. 
Crystalline forms are diamond, graphite, fullerene, etc. They 
have different properties due to difference in their bonding as 
described below: 


Diamond Graphite 


All the four valence 
electrons take part in bond 
formation forming three 
dimensional tetrahedral 
structure (sp° hybridisation). 


Only three valence electrons take part in 
o- bond formation forming 
two-dimensional hexagonal planar ring 
(sp* hybridisation). The fourth electron 
forms delocalised -bond. 


The carbon atoms form a 
rigid three- dimensional 
network, with directional 
covalent bonds. 


C—C bond length is 
154 pm. 


Doesn't conduct electricity 


The planar hexagonal rings join each 
other to form, two- dimensional layers 
separated by a distance of 340 pm. 


C—C bond length is 141.5 pm, quite less 
than diamond due to formation of m-bond. 


Conducts electricity due to delocalised 
m-electron. 


It is the hardest material on 
earth due to compact three 
dimensional structure. 


It is soft and slippery as the layers are 
easily separated. 


Fullerene 

These are crystalline cage like spheroidal molecules with 

general formulae of C,, (n 230), e.g. Cgg, C79-Cgq look likes 

soccer ball containing 20 six membered rings, and 12 five 

membered rings. Five membered rings are only attached to six 

membered rings whereas six membered rings are attached to 

both six and five membered rings. Each C-atom forms 3 

o-bond and 1 1-bond with sp” hybridisation. 

¢ Cj) has rugby ball like structure with 12 five membered 
rings. 

¢ Graphite is thermodynamically the most stable allotrope of 
carbon (A;H *=0) and the order of stability is A,H" (graphite) 
< A,H (diamond) < A,H (fullerene, Cg). 


Amorphous Allotropes 


¢ Coke, coal, charcoal, lamp black, etc., are amorphous 
allotropes of carbon. 


Anomalous Behaviour of Carbon 


* Carbon shows anomalous properties due to small size, high 
electronegativity, ionisation enthalpy and absence of 
d-orbital. 


e These properties are highest melting and boiling points, 
maximum tendency of catenation, ability to form pz-pz 
multiple bond, etc. 
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Chemical Properties 
(i) Oxidation state and reactivity 


They show common oxidation state of +2 and +4. 
Elements other than C exhibit oxidation state upto 6 
due to the presence of vacant d-orbitals. 
¢ The order of stability of oxidation states is 

Ge** >Sn** > Pb*t 

Pb** >Sn?* > Ge’* 


(ii) Reaction with oxygen 


They form oxides of type MO and MO,. The acidity of 
oxides decreases down the group, e.g. 
CO, >SiO, >GeO, >SnO, > PbO, 


Acidic 


Amphoteric Basic 


(ii) Hydrides 
Carbon forms a lot of hydrides as discussed in organic 
chemistry. Other elements also form hydrides of type 
M,H, +2° 
The stability of hydrides decreases down the group. 
.. SIH, decompose in water and air as : 
SiH, + 20, ———> SiO, + 2H,O 

SiH, + 3H,O ——— H,SiO, + 4H, 

(iv) Reaction with halogens 


They form halides of type MX, and Mx,. 

¢ The stability of tetrahalides decreases down the 
group, whereas of dihalides increases down the 
group. 

Gex, > GeX,, PbX, > PbxX, 
(order of stability of halides) 

e Tetrachlorides undergo hydrolysis in which 
Cl-atoms are replaced by OH’ group, whereas 
other react with water in a different way. 

SiClL, + 4H,O0——> Si(OH), + 4HCl 


Some Important Compounds of 
Group 14 Elements 


(a) Carbon monoxide (CO) 


It is a colourless and odourless gas, but highly 
poisonous as it combines with haemoglobin to form 
highly stable carboxyhaemoglobin complex. 
Industrially it is produced by the following reaction : 
473 -1273 kK 
C(s) + H,O(g) ——> CO(g) + H,(g) 


(Water gas or 
synthesis gas) 


mn 2CO(g) + 4N, (g) 


(Producer gas) 


1273 
2C(s) + O, (g) + 4N, ) 
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(b) Carbon dioxide (CO, ) 


It is a colourless acidic gas with faint pungent smell. It is 
responsible for green house effect. 


Solid CO, in called dry ice and used as a refrigerant. 
(c) Silica (SiO, ) 


It is an acidic oxide and exists in 
Earth's crust as quartz, tridymite, Si—O— SiO — Si 
cristobalite, etc. Silica and 
silicates constitute 95% of earth's 
crust. It is a covalent Ssi—Oo— Si—_O— Si 
three-dimensional network solid 
having the following structure. 


It is used as a_ piezoelectric Si—O— SiO Si 
material, drying agent (silica gel), 
in filtration plants (kieselguhr) 


etc. 


(d) Silicones 


Structure of SiO, 


These are organosilicon polymers with(R,SiO) as the 
repeating unit. 


RSi(OH), forms cross-linked polymers as shown below: 
HO R HO 


H OH OH 
) H O|H O|H 
R i OH + H}O—Si—|OH + H|O—Si—R 
OH R OH 
Six R Si(OH)3 molecules 
Polymerisation 
—-7H20 
Y 
HO R OH 


R—Si—O—Si—O—Si— R 


oO O O 


R—Si—O—Si—O—Si— R 


HO R OH 
R,Si(OH), forms straight chain or cyclic polymers. 
CHs CH3 
nHO—Si—OH + HO i CH3 
CH3 CH3 
(Used to terminate the chain) 
oe \ CHs 
Polymerisation | 
So 
=H50 Oo CH3 


1 O 1 
Vb Ll 


Silicon 
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3R,Si(OH), polymerise to form cyclic trimer. 


i a 
Hom oi ; . ae ae 
_OH! OH. olymerisation 
ie LAr eee yer 
ee ne ye pons 
R <O OH? R R O R 
i Cyclic trimer 


Three molecules of R2Si(OH)» 


Two R,Si(OH) molecules undergo dimerisation to 
form R,Si— O—SiR, as shown below: 


Dimerisation 
OH +HO—Si—R =H,0 


R R 
(Hexaalkyl disiloxane) 


(e) Silicates 
These are minerals of silicon containing tetrahedral SiO{” 
units and exist in silica, mica, asbestos, cement, glass, etc. 


On the basis of the way in which SiO; units are linked 
together, silicates are of the following types: 


(i) Orthosilicate 


It contains discrete 
willemite pee ) ete. 


SiOf{ units, e.g. zircon (ZrSiO,), 


SiO¢ ion 


“ Si 
cr aad O represents O 
e 


represents Si 


Structure of SiO4 ion 
(ii) Pyrosilicates 


Two SiO{” ions combine to form Si,O% that acts the 
discrete unit, e.g. Sc,[Si,O,] etc. 


O represents O 


@ represents Si 


Structure of Si,0F ion 


(iii) Cyclic silicates 
Two oxygen atoms of each 2SiO{ ions are shared to form 
cyclic silicates. 
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H Hy elements. In other words, bonds are formed 
Chemical Bonding between the atoms, to attain stability. Depending 
upon the way of combining, the bonds may be ionic 
(formed by losing and gaining of electrons) or 


Chemical Bond covalent (formed by sharing of electrons). 


It is either interatomic, intermolecular or interionic Violati f Octet Rul 

attraction which holds the constituent species together to totation oF Uctet Rule 

form a more stable compound. The octet rule is violated in a significant number of cases. 
These are : 


1. Be and B have less than four valence electrons, hence their 


¢ Bonds are of the following types: 


(a) Ionic bond (b) Covalent bond octet cannot be completed even if they bind to their full 
(c) Coordinate bond (d) Metallic bond strength. 
(e) Hydrogen bond 2. In molecules with an odd number of electrons, the octet rule is 
(f) van der Waals' forces of attraction not satisfied by all the atoms, e.g. in molecules like NO and 
e The main reason behind a chemical bond formation is to NO>. 
attain nearest stable inert gas configuration. =o aS O° 
¢ Atoms attain the nearest inert gas configuration either by SPs ee id 
losing, gaining or sharing electrons with each other Total 7 electrons in nitrogen atom 
through a chemical bond. 3. In a number of compounds there are more than 8 valence 


electrons present in the central atom. This is termed as 
expanded octet. This tendency is seen in elements beyond the 
3rd period of periodic table as they have vacant d-orbitals for 
bonding, e.g. PF;, SFs, H,S0,, etc. 


F F. F 


e During a chemical bond formation, electropositive 
elements like Li, Na, K, Ca, etc., lose electron, and 
electronegative element like Cl, F, O, P, etc., gain electron 
to attain nearest inert gas configuration. 


¢ On the basis of electronegativity, chemical bonds are 
divided into three types: re | van P—S—F 
4 
F 


Pp 

(i) Ionic bonding (formed by elements having high a: # me 
electronegativity difference) 

(ii) Covalent bonding (formed by elements having 10 electrons in valence shell of P, 12 electrons in valence shell of S 
comparable electronegativity) 

(iii) Metallic bonding (formed between two electropositive j—o—s =p — 4 
elements) | 

Kossel-Lewis Approach to Chemical 

Bond Formation (Octet Rule) 12 electrons in valence shell of S 


j The other drawbacks of octet rule include 
This concept was proposed by Kossel and Lewis, called 1. The shape of the molecule is not clear. 


electronic concept of valency or octet rule. Langmuir later 2. Itis totally silent about the energy of the molecule, i.e. relative 
on extended it. stability. 


The main points of this concept are as: 
(i) The outermost shell of an atom is called the valence 


shell and the electrons present in it are called valence NATU RE OF FO RCE IN A BOND 


electrons. The basis of attractive forces (a chemical bond) can be easily 

(ii) It was assumed that inert gases are stable or chemically understood if we look at structure of an atom having positive 
inert due to their stable configuration, i.e. due to the nucleus and negative electron. When two atoms come closer to 
presence of eight electrons (except He) in their valence combine, the attractive and repulsive forces begin to operate 
shell. On this basis, Kossel and Lewis proposed that between themas: 
elements having eight electrons (except H which has Attraction 
two electrons) in their valence shell i.e. having Repulsion 
complete octet, are chemically inert. 

(iii) Elements that do not have complete octet (or eight 
electrons in their valence shell) have a high tendency to 
attain this configuration either by losing or gaining or 
sharing electron to or with the atoms of same or other 


Attraction 
Repulsion 


Attractive and repulsive forces between two atoms 
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The net result of these forces may be either attraction or 
repulsion between the atoms. A bond is established if the net 
result of interaction is in the form of attraction. Now the agency, 
i.e. basis for a chemical bond is same in all cases then why 
these attractive forces are called by different names? Here, the 
answer lies in one sentence and that is ‘the different name to 
bond are assigned due to difference in the intensities of these 
forces”. 
This difference can be summarised as : 

Various attractive electric forces 


Electric Relative Type 
force strength 


Example 


Lithium fluoride 
crystal lattice 


Cation-anion Very strong Xe) 
(in a crystal) 
or lonic bond 


Covalent Strong Shared H—H 
bonds (140-523kJ electron pair (435 kJ mol!) 
mol ~') CH, —CH, (370 kd 
I—I (150 kJ mol7') 
Coordinate Moderate Shared NH, —> BH, 
bonds electrons but 
given by one 
atom 


lon-dipole Moderate Na‘ in water 
@ 


Dipole-dipole Moderate to a ot & 5 O& 
(including weak 2-4 oe We *\p 
hydrogen (4-38 H7°* 

bonds) kJ mol~') and 
van der Variable Transient — Interaction between 
Waals’ dipole methane molecules 


Electrovalent (or lonic) Bond 


The bond formed due to complete transfer of electrons 
from the electropositive atom to the electronegative 


atom is called electrovalent bond. 


e The number of electrons lost or gained by an atom 
during the formation of electrovalent bond is called 


electrovalency of that atom. 


Transference of electron is not the necessary condition for this 
type of bonding, rather it is considered as generalised condition. 
Such attractive forces can be seen between any two oppositely 
charged atoms or ions even from different sources. 
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Factors Affecting Formation of 
lonic Bond 


Easier the formation of ions, easier is the formation of ionic 


bond thus, it depends on the following factors : 


(i) Low ionisation enthalpy of the electropositive elements. 
(ii) High negative value of electron gain enthalpy of the 
electronegative elements. 
(iii) Lattice enthalpy of the ionic compound should be high. 


Variable Valency 


A number of elements like Cu, Au, Hg, Sn, Pb, Fe, Co, Ni, Sb, Sc, etc., 
show more than one valency in their compounds. The reasons for such a 
variable valency (i.e. electrovalency) are : 
|. Instability of core in case of most of the transition elements, e.g. Cu 

shows electrovalencies 1 and 2 as : 

Cu (29) — [Ar]3q"°, 4s 
However, Cu* — [Arld'° less stable 
Cu** — [Ar]3d? more stable (in solution) 


The s?p°d” configuration of Cu* is not as stable as s*p°d° 


configuration in solution. The nuclear charge is not strong enough to 
hold all the electrons intact in case of Cu’, thus Cu2* ion is more 


stable. 


2. Inert pair effect (i.e. tendency of s-electrons to remain together or 
reluctance of s -electrons to participate in a reaction) in p-block 
elements. 


Characteristics of lonic 
Compounds 


(i) These are crystalline solids at normal temperature and 
pressure with high melting point, boiling point, stability 
and density. 

(ii) These are very hard and brittle, as the crystalline planes 
can be separated easily. 

(iii) These are, in general, highly soluble in polar solvents 
like water, because the high value of solvation or 
hydration enthalpy is sufficient to break the lattice 
structure. 

(iv) Ionic compounds do not conduct electricity in solid state, 
but are good conductor of electricity, either in fused state 
or when dissolved in a solvent of high dielectric constant 
due to ionic mobility . 

(v) Ionic compounds undergo very fast reactions in solution 
which are mainly ion exchange reactions. 

(vi) lonic compounds with same electronic configuration are 
usually isomorphous (having same lattice structure). 
(vii) Ionic bonds are non-directional and do not exhibit 

isomerism in space. 


REMEMBER 


For the dissociation of an ionic compound in solvent, solvation 
energy should be greater than lattice energy. Dissociation is also 
favoured by high dielectric constant of solvent. 


Solvent H,0 CH,OH C,H,0H  CH,COCH, CH,OCH, 
Dielectric 9 35 27 21 41 
constant 


(Capacity to dissolve ions decreases) 


Lattice Enthalpy (U) 


The amount of energy evolved when gaseous positive and 
negative ions combine to form one mole of soild ionic 
compound is called lattice enthalpy. 


e.g. Na* (g) + Cl (g) —> NaCl(s), AH = —U 
* Lattice enthalpy « charge of ions 
1 
size of ions 
e.g. NaF> KF> RbF> CsF 
e Lattice enthalpy depends on various factors like 
ionisation enthalpy, electron gain enthalpy, heat of 
sublimation, dissociation energy. Hence, its value is 


indirectly calculated from Born-Haber cycle by applying 
Hess law. 


ec 


(Order of lattice enthalpy) 


Born-Haber Cycle 


The fundamental of this cycle is based upon the fact that 
the formation of an ionic crystal may occur either by direct 
combination of the elements or by an alternate process in 
which 

(i) the reactants are vaporised to convert in gaseous 

state. 

(ii) the gaseous atoms are converted into ions. 

(iii) the gaseous ions are combined to form ionic lattice of 


molecules. 
e.g. M(s) + a) —> MX(s); AH, =Q 
Alternatively, 
(i) M(s) —> Mg); AH=S 
(ii) Mig) —> M*@) +e; AH =I 
(i) 5X21) — X@ aH=2 
(iv) X(g) + e@ —> XQ); AH =-E 
(v) M*(g) +X (gq) — MX‘(s); AH =-—U 


AH, =S+I+>-E-U 


where, S = enthalpy of sublimation 
I =ionisation enthalpy 
D = dissociation enthalpy 
E =electron gain enthalpy 
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AH, and AH, represent the enthalpy change of same 
chemical change. 
Hence, AH, = AH, 


Q=S+ I+5-B-U 


U=S+1+>-E-Q 


LATTICE ENTHALPY AND SOLUBILITY 


Lattice enthalpy play an important role in deciding the solubility of 

ionic solids. It affects the solubility in the following manner : 

1. If anion and cation are of comparable size, the cationic radius 
will influence the lattice energy. Since, lattice energy decreases 
much more than the hydration energy with increasing ionic size, 
solubility will increase as we go down the group. 

2. Ifthe anion is large compared to the cation, the lattice energy will 
remain almost constant within a particular group. Since, the 
hydration energies decrease down a group, solubility will decrease 
as found for alkaline earth metal carbonates and sulphates. 

The energy transactions associated with this process comes under 

the category of Born-Haber cycle. The simplest example of such a 

cycle is given above. 


Covalent Bond 


When two atoms of comparable electronegativity value 
share electron pair with each other, the bond formed is 
called covalent bond. 


¢ The number of electrons contributed by an atom while 
sharing with other atom(s) to achieve inert gas 
configuration is called covalency. 

¢ Generally, the covalency of an element is equal to the 
total number of unpaired electrons present in s and 
p-orbitals. The elements having vacant d-orbitals in their 
valence shell (e.g. P, S, Cl, As, Sn, etc.) show variable 
covalency by increasing the number of unpaired 
electrons during excited conditions. The maximum 
covalency of the elements in different period is: 
(i) 4 for the elements of second period. 

(ii) 6 for the elements of 3rd and 4th period. 

(iii) 8 for the elements of 5th period onwards. 


¢ Such a variation in maximum covalency can be 
explained on the basis of absence of vacant d-orbitals in 
2nd period elements and their availability in 3rd period 
and subsequent elements, e.g. sulphur. 


3s 3p 3d 
lar | S-atom in ground state 
xl ioovaloney 2) 


S-atom in excited state 
(covalency =4) 


a) isp1[4] [4 | 


S-atom in second excited 


‘ 1{4\1 111 | state (covalency =6) 
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FINDING THE NUMBER OF COVALENT BONDS 


The number of covalent bonds are calculated as : 
electron shared 

2 
The following mathematical relationship can be used to determine the 
total number of electrons shared S=N-—A 
here, S = total number of electrons shared in the molecule or polyatomic 
ion. 
N =the number of valence shell electrons needed by all the atoms in the 
molecule or ion to achieve noble gas configuration [V = 8 x number of 
atoms (H excluded) + 2 xnumber of H-atoms]. 
A= the number of electrons available in the valence shell of all of the 
representative atoms. This is equal to the sum of their periodic group number. 


Number of covalent bonds between two atoms = 


Lewis Structure Representation of 
Covalent Molecules 


Lewis structure of a molecule gives us an idea about the 
number of electron pairs shared between atoms in a molecule. 


STEPS TO DRAW LEWIS STRUCTURE 


The steps followed while drawing Lewis structure of a molecule are 

given below: 

Step | Find the total number of valence electrons of the combining 
atoms. For anions, the total negative charge is added to and for 
cation, the total positive charge is subtracted from total number of 
valence electrons. 

e.g. inSO{-, total number of valence electrons =6 + 6 x4 + 2=32. 

Step 2 The least electronegative atom is placed at centre, surrounded 
by highly electronegative atoms. 

e.g. in S07, S occupies central position surrounded by O-atoms. 

Step 3 Draw single bond among each atom, and then complete octet of 
surrounding atoms followed by central atom by assigning lone pair, 
double bond or triple bond. 


Formal Charge 


In a polyatomic ion, the net charge possessed by the species is 
not due to a particular atom, rather it is due to different atoms, 
which is called formal charge of an atom. 

e Assigning formal charge is important in finding reaction 
mechanism. It is also important while assigning proper 
Lewis structure to a molecule/ion (the structure with least 
formal charge on each atom is the most accurate Lewis 
structure). 


¢ Formal charge (FC) on an atom is calculated as: 
FC =V -|ip 7 e| 


where, V = total number of valence electron in the free atom 
Ip =total number of non-bonding electron or lone pairs 
bp = total number of bonding electrons 
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Covalent Bonding and 
Fajans’ Rule 


¢ Covalent bonding is favoured by those factors that 
favour polarisation. 


e Polarisation is the increase in the covalent 
character of an ionic bond due to the attraction 
between loosely bonded valence electrons of larger 
anions by the smaller cation. 


The following rules are followed for deciding 
polarisation and hence covalent character: 

(a) The charge on cation or anion must be larger 
The increased charge increases the polarisation 
of other ion (anion), thus, covalent character is 
increased. 

(b) The cation must be smaller Because smaller size 
increases the positive charge density of cation, 
causing more polarisation of anion. Hence, we 
can say that ionic compounds having smaller 
cations show more covalent nature. 

(c) The anion must be larger Because, the outer 
electrons will be at a greater distance from the 
nucleus, hence, more easily influenced by the 
attractive forces of cation. As a result, larger 
anions will be more easily polarised in 
comparison to smaller anions. 

(d) The polarising power of those cations which 
don't have inert gas configuration will be more in 
comparison to cations having inert gas 
configuration, e.g. polarising power of Cu* ion 
is more in comparison to the polarising power of 
Na® ion. 

Covalent Bond Characters 
(a) Bond length 


The average distance between the centre of nuclei of 
two bonded atoms in a molecule is called bond 
length. It depends on size of atom, hybridisation, 
steric effect and resonance effect. 


(0) Bond enthalpy 


It is the amount of energy required to break all the 
bonds in one mole of gaseous molecule. 


Bond enthalpy « Electronegativity difference 
1 1 


oC o 
size of atoms ' number of lone pairs 


(c) Bond order 


It is the number of covalent bonds present between 


two atoms in a molecule. Bond order « Bond enthalpy 
1 


a 
bond length 


Hence, higher the bond length, lower is the bond 
order and bond dissociation enthalpy. 


(d) Bond angles 


It is the angle between the bonded orbitals. 
1 
number of lone pairs 


Bond angle « 


¢ Bond angle decreases, when the electronegativity 
of central atom decreases. However, among 
molecules with same central atom bond angle 
increases as the electronegativity of surrounding 
atoms decreases. 


e.g.H,O >H,S >H,Se >H,Te,PI, >PBR >PCl, 
104.5° 92° 91° 89° 102° 101.5° 100° 


Characteristics of Covalent 
Compounds 


These are gases or liquids at standard temperature 
and pressure. Some molecules with higher 
molecular weight also exist as soft solids. 

(i) They have low melting and boiling points, with 
the exception of diamond, silicon carbide, silica, 
etc. 

(ii) Covalent compounds, either in fused or in solid 
state are bad conductor of electricity, with an 
exception of graphite, which conduct electricity 
due to the presence of free electrons. 

(iii) Covalent compounds, in general are insoluble 
in polar solvents like water, but soluble in 
non-polar solvents like benzene, CCl,. However 
compounds making hydrogen bond with water 
are soluble in water. 

Reactions involving covalent compounds are 
slow, as it involve the fission of older bonds and 
formation of new bonds. 


sae 


(iv 


REMEMBER 


In solid state, crystals of covalent compounds are of three 

types: 

(i) Soft, easily fusible, volatile crystals in which molecules 
are held by weak van der Waals’ forces, e.g. crystals of 
organic compounds, sulphur, iodine, etc. 

(ii) Very hard crystals in which every atom is bonded with 
other atoms resulting in the formation of a giant 
molecule, e.g. diamond crystal. 

(iii) The crystals which consist of separate lattice layers, e.g. 
graphite these are very soft and of lubricating nature. 

The covalent bond is rigid and directional, hence different 

spatial arrangements of atoms are possible. Thus, these 

compounds show structural and space isomerism. 
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Non-polar and Polar Covalent Bonds 
(a) Non-polar covalent bond 


When the covalent bond is formed between two homonuclear 
atoms (atoms of equal electronegativity), the electron pair is 
equally shared between them cancelling the net dipole moment 
to zero. Such a bond is called non-polar covalent. Any 
compound having net dipole moment zero are non-polar. 


e.g. Cl, F,, CCl,, CHy, etc. 
(ob) Polar covalent bond 


When the covalent bond is formed between two heteronuclear 

atoms (different electronegativity), the bond formed has partial 

ionic character, as the electron pair is attracted by the more 

electronegative atom. Such a bond is called polar covalent 

bond. In this case the net dipole moment doesn't cancel each 

at an a at s 

H---- O ----H, H----Cl 

¢ Bond polarity affects both physical and chemical properties. 
Physical properties affected are melting and boiling points 
and solubility, etc. 


CALCULATION OF PERCENTAGE IONIC CHARACTER 


The ionic character in a polar bond can be calculated by the following 

methods: 

1. Pauling gave the following equation to calculate the percentage ionic 
character of a polar bond by using electronegativity difference (x 4 — Xz ): 
Amount of ionic character in A—B bond =[1—@279'%4~*8) J, 
or [18(x4 — Xp)!" 1% 

With the help of this equation, Pauling established the following relation: 
(X4—Xz) —0.61.0 1.4 1.7 2.0 24 3.0 3.2 
% ionic character —9 22 39 51 53 76 91 92 

2. Hannary and Smith also used the electronegativity difference (x , — xg) to 
find the percentage ionic character by the following expression: 
lonic character in A—B bond =[16(x , — Xg)+ 3.5(x, — Xz 1% 

3. By using dipole moment, percentage ionic character of a polar bond 
(A—B)is calculated as: 


other e.g. 


H exp 
dy Xe 


eo 00 
H cal 

heFe, 1 oy) = experimental (or observed) value of dipole moment of AB 
molecule, 

Li ca = calculated (theoretical) value of dipole moment of AB molecule 
when the molecule was assumed to be completely ionic. This value can be 
calculated as, d xe, i.e. bond length xcharge. 


Percentage ionic characters = x 100 


Dipole Moment (uu) 


It is defined as the product of net charge and distance between 
the two charges (bond length). 


u =charge x bond length 
* Units In CGS - debye (D) 


In SI — coulomb x metre 
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¢ Dipole moment is a vector quantity represented 
by the symbol, }», where the arrow mark is 
pointed towards negative end. 

¢ For symmetrical molecules, dipole moment is 
zero but unsymmetrical molecules have some 
dipole moment, e.g. CO,, BF;, CH,, etc., are 
symmetrical molecules, thus, their resultant 
dipole moment is zero. 


F H 
pa, acl i 1 
a B Cc 
u=0 44 \ oy 4% 
F H 
u=0 u= 
However, unsymmetrical molecules like HF, 


H,O, NH, have some dipole moment as: 


ec» c® 

H+ F ; ! t 

N 
w=1.91D Gi ais 
H H H H 

w=1.84D H 
u=1.46D 

Resonance 


For molecules having multiple bonds it is difficult 
to find out which lone pairs are involved in the 
formation of multiple bonds. Hence, different 
possible structures are obtained for same 
molecule. Such type of structures are called 
resonance structures/canonical forms. 


e The actual molecule is considered to have a 
structure equivalent to average of all these 
canonical forms. 


1 i i 
~~ #\. # & &% 
o ‘So 0 o 0 ‘o & %o 


¢ From the concept of resonance, the bond order 
(BO) of a molecule (or ion) is calculated as, 


total number of bonds between two 
_ atoms in all the structures 


total number of canonical forms 


e The stability of a resonance structure can be 
decided by considering the following points : 

1. Anon-polar canonical form is more stable. 

2. More the number of covalent bonds, more is 
the stability. 

3. Resonance structure in which negative 
charge resides on more electronegative atom 
and positive charge on less electronegative 
atom is more stable as compared to that for 
which opposite is true. 


20 FEBRUARY 2015 |finiris eee 


Misconceptions in Resonance 


Many misconceptions are associated with resonance and the same need to 
be dispelled. You should remember that : 


The canonical forms have no real existence. 

The molecule does not exist for a certain fraction of time in one canonical form 
and for other fractions of time in other canonical forms. 

There is no such equilibrium between the canonical forms as we have 
between tautomeric forms (keto and enol) in tautomerism. 

The molecule as such has a single structure which is the resonance hybrid of 
the canonical forms and which cannot be depicted by a single Lewis structure. 


Valence Bond Theory (VBT) 


This theory proposed by Heitler and London having the following 
postulates: 


1. 


A covalent bond is formed when the orbital of one atom 
containing unpaired electron overlaps with the orbital of 
another atom containing unpaired electron. This results in 
the formation of hybrid orbitals which is occupied by both 
electrons. 

The two electrons occupying the hybrid orbital must have 
opposite spin. 

The electron pairs are shared by both the nuclei, and electron 
density is maximum in between the two atoms. 

The strength of a chemical bond is proportional to the extent 
of overlapping of two atomic orbitals. 

Overlapping of only those atomic orbitals occur, whose 
electrons take part in the bond formation. 

Between two orbitals of same stability, the one with more 
directionally concentrated cloud would form a stronger bond, 
e.g. p-orbital forms a stronger bond than s-orbital. 

s-orbital, being spherical doesn't show any preference in 
direction. But p-, d-, and f-orbital tend to form a bond in their 
direction of maximum electron density. 


OVERLAPPING OF ORBITALS 


These are of the following types : 


1. 


End to end or axial or head on overlapping This results in the formation of 
o-bond. In such overlapping, the electron density is concentrated in 
between the two atoms. 


. Sidewise overlapping or parallel overlapping This results in the formation 


of m-bond. This occurs after at least one head on overlapping of atomic 
orbitals. Here also the electron density is concentrated between the 
atoms, but on either side of line Gi the nuclei as shown below: 


jh S 


Overlapping of Resultant 
Px atomic orbitals — (2py) BMO 
by the linear additive 
combination 


Py atomic py atomic 
orbital orbital 


A single bond (—) contains 1 o-bond and no z-bond, double bond (=) contains 


| 


o and 1 x-bond, and a triple bond = contains 1 oand 27 — bonds. 


Hybridisation 


The combining of the wave functions of atomic orbitals of nearly equal 
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An alternative way of finding hybridisation is the 
use of following formula: 


energy containing unpaired electron to form new hybrid orbitals of H= > Vay C4 Al 

nearly equal energy is called hybridisation. Here, 

¢ The atomic orbitals involved in z-bond formation do not participate in V =valence shell electrons of the central metal 
hybridisation due to sidewise overlapping. Y =number of monovalent atom 

e In some cases empty orbitals also participate in hybridisation. Atomic C =total positive charge on mulecule 
orbitals having lone pair of electrons also participate in hybridisation. and 


e The electronic charge in hybrid orbitals is concentrated more in one 


direction, which favours the overlapping 
of hybrid orbitals. This results in the 


formation of a larger and a smaller lobe. \ \ 
+ —— = a 


e The hybrid orbitals have equivalent 
energy and identical shape and size. 


A= total negative charge on molecule 
For the 2, 3, 4, 5, 6 and 7 value of H, the 


Nucleus Orbital axis hybridisation is respectively sp, sp”, sp°, sp°d 


sp°d’ and sp*d° e.g. for Xe0,F, molecule, 
H=218+ 2-0+0)=5 


Thus, the hybridisation of Xe in this molecule is 


Hence, hybrid orbitals are degenerate. Bigger lobe Smaller lobe sp'd and the geometry of the molecule is trigonal 
e The shape of hybrid orbitals are different Representation of a bipyramidal. 
from that of participating atomic orbitals. hybrid orbital 


Types of Hybridisation 


Hybridisation can be of the following types and the geometries adopted by molecules of the general formula 
AX _,(n =2—7) in which all of the electron pairs are bonding pairs can be seen as: 


Number of electron 2 (sp) 3 (sp*) 4 (sp°) 5 (sp°d) 6 (sp"d) 7 (sp"d°) 
pairs around central Linear Trigonal planar = Tetrahedral =‘ Trigonal bipyramidal Octahedral Pentagonal bipyramidal 
atom and hybridisation 
Shape 
Bond angles X=eAgeXx xX X x 
: a | 420° | 109.5° x Up, le 90° | - Xy, | ‘“ 
A) aa AQ’ gage AX XT ATX 7 AX 
i ‘“y Xx \\ Xx | \90° | ‘90° 
x xX x xX x x xX 
Examples BeF,,HgCl, BF, CF,, CH,.NH, PF, PCI, SF, IF, 
Valence Shell Electron Pair Presence of lone pair of electrons greatly affect the bond 


Repulsion Theory (VSEPR Theory) angle. Some such examples are given below : 


Presence of lone pairs distort the normal shape due to lone 
pair- lone pair and lone pair-bond pair repulsion. Such 
distortions can be explained by valence shell electron pair 
repulsion (VSEPR) theory. The main postulates of this theory 
are: 

1. In polyatomic molecules the least electronegative 
atom is called central atom, with which all other 
atoms are linked. 

2. The geometry of the molecule depends upon the total 
number of valence electron pairs (either bond pair or 
lone pair ) around the central atom and the repulsions 
between these electron pairs. 

3. The repulsion among pairs increases’ as 


bp — bp < bp — Ip < Ip — Ip. 


ls 


2. 


As the number of lone pairs of electrons increases, 
bond angle decreases. 

pi (x) bond do not affect the stereochemistry of a 
molecule. However, multiple bond orbitals, repel 
other orbitals more strongly than single bond orbital, 
increasing the bond angle. 


. A lone pair and double bond repulsion is much 


greater than a lone electron and double bond 
repulsion, e.g. 


i a N 
O=N=O if LP. 
Bond angle = 180° O O O O 
(No lone pair) Bond angle = 134° Bond angle = 115° 
(A lone electron) (A lone pair) 
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4. The bond angle of PF, > PCl,. The PF, molecule 4. Structures based on octahedral geometry 
has lone pair of electrons on F atom and P has X sy x sy 
vacant d-orbitals. The small size of F-atom leads to Xx | 
pn-dx bonding in PF,. a oe Fi oe 
The double bond formation increases bond x | xX 
pair-bond pair repulsion to result in an increase in 
bond angle in PF,. In PCl,, the Cl-atom being 
larger in size does not show pz-dn bonding. 

5. The bond angle in (CH;),N and (SiH,),N : 
are different due to lone pair-bond pair repulsion x —A =X 
in (CH;),N and not in (SiH,;);N due to non 
availability of lone pair of electron in (SiH,), 
because of px-dx bonding. Square planar (2 /p) 


Octahedral (0 /p) Square pyramidal (1 /p) 


X 


Geometries adopted by molecules based on the trigonal = 
planar, tetrahedral, trigonal bipyramidal, and Molecular Orbital Theory (MOT) 
octahedral geometries containing zero, one or two lone 
pairs are given below. For those containing lone pairs, 
the observed shape generally differs a little from that 
shown because of the greater repulsive effect of the lone 
pairs. The only exception is square planar. 


The molecular orbital theory (MOT) of chemical bonding is 
based on Schrodinger wave interpretation of electrons. 


¢ According to this theory, a molecule is supposed to have 
orbitals of varying energy levels in the same way as an 
isolated atom has. These orbitals of molecule are called 
molecular orbitals. The quantized molecular orbitals 
surround all the nuclei of bonded atoms and are formed by 
the coalescence of individual atomic orbitals of atoms 


1. Structure based on trigonal planar is only bent 
(with one lone pair). 
2. Structures based on tetrahedral geometry 


Mei pale present in the molecule. Thus, orbitals of atoms loose their 
| individual identity. 
A . AL ¢ The molecular orbitals are formed due to the constructive 
x ™x Xx and destructive interference of atomic orbitals. When 
Xx x orbitals or lobes of orbitals with same wave function (y) 
combine, the result is constructive interaction while when 
Tetrahedral (0 ip) Trigonal pyramidal (1 p) orbitals or lobes of orbitals with opposite wave function (y) 
combine, the result is destructive interaction. 
a ~y ¢ Constructive interaction of 
x orbitals give rise to orbitals of e 
Bent (2 /p) lower energy , called bonding a 
: F : orbitals or HOMOs (Highly a 
3. Structures based on trigonal bipyramidal cm Occupied Molecular Orbitals 8 
x | x | ) as electrons prefer to stay in - 
A—xX A--- these orbitals due to their Miele 
‘ plitude = a 
| | lower energy than atomic 
x x x XxX orbitals. 
e Destructive interaction the 
Trigonal bipyramidal (0 Jo) — Disphenoidal or see-saw (1 /p) pond bend gNe tee ie 
7 orbitals of higher energy, 
| called anti-bonding orbitals Amplitude = 2a 
SS Aes or LUMOs (Lowly 
| Unoccupied Molecular ee, 
xX x Orbitals) as electrons don't Bonding MO 


prefer them due to their 


higher energy than atomic 
ioifeaee) onbitas Pe ae ee 


Constructive interaction (diamagnetic) 
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¢ The concept of formation of molecular orbitals is known as 
LCAO (Linear Combination of Atomic Orbitals), On the 
basis of LCAO the Energy Level Diagrams (ELDs) of various 
diatomic molecules are drawn to understand their 
properties. Some of these are given below: 


ELD of Homonuclear Diatomic Molecules 


|. For First Period Elements 


Hes molecule 


Hy molecule 
+ im + 
“ek aN FR, OX 
/ Os \ / Os \ 
> A ‘ > a N 
S| GO i 2 1 Mu 
oO 7 (0) 2 4.2 
e| tes 7 is tes is” “s “As 
Lu \ PA Lo \ 4 
AO of H ‘a AO of H AO of He ‘a AO of He 
O1s O1s 
MO of H» MO of Hes 
1 1 
BO =—(2-0) = 1 BO =—(2-2) =0 
(stable) (unstable) 


(Diamagnetic) (Diamagnetic) 
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ll. For Second Period Elements 


Energy 


Lis molecule Bes molecule 
4 
E% Oe 
/ O2s \ / 02s \ 
a o 
2s! \, (es 23° \ we 2s° 
Ar 4 ‘an’ 
02s G2s 
pin S pia 
“ Gis\ 2 “ bis 
vy NK uw “ aN 
iD fu 1 fu 
s Ny Ss 18° _ Ls. 
AO of Li a RO of Li AO of Be *S 7 “BO of Be 
O1s O1s 
MO of Lip MO of Bes 
BO =7(4-2) = 1 (Stable) | BO =$(4-4) = 0 (Unstable) 
(Diamagnetic) (Diamagnetic) 
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How to Construct ELD for a Diatomic Molecule? 


Write down the electronic 
configuration of each of 


the atoms. Use the valence 
orbitals (highest value of n) 


Are they atoms 


of the same 
Molecule? 


Yes + 


¥ 
4 No 


Determine which 
atomic orbitals (AOs) 
interact. Pairs of 


If valence shell ionisation 
energies are unavailable, use 
the electronegativities of the 


atoms to determine the relative 
energies fo the AOs. 


s AOs or p, AOs 
interact to form 
Og and o,* MOs. 


Pairs of p,and py v 
AOs interact to Determine which AOs interact. 


form m, and ,* MOs. Pairs of s AOs or p, AOs interact 
to form o and o* MOs. 
x Pairs of —p,and py AOs interact 
Determine the to form n and n* MOs. s orbitals 
degree of interaction. can interact with p, orbitals 
n-overlap is less but not with p, or py orbitals 
than o-overlap. 


For the second Vv 
period elements, Check that the orbitals 
s—p mixing is having the right symmetry 
significant for to interact are close enough 
Lip to No, but in energy for the interaction 
not for O5 an Fo to be significan 
v Vv 


Plot the diagram. Check that the number of 
MOs is equal to the number of AOs. 


Vv 
| Put in the electrons using the aufbau 
principle and obeying Hund's rule 


Formation and Stability of 
Heteronuclear Molecules 


As the energies of input atomic orbitals will not be 
same, which will give rise to unequal splitting of 
MO's. Bonding orbitals will have more character of 
stable AO while antibonding orbitals will have more 
character of unstable combining AO. Only AO's of 
comparable energies can be combined to form MO's. 


wo, 

¢ 
¢ 
ay 
a 
SS 

T 

I 

| 

I 

I 
NZ 
as 
= 
my 
S 
_s 


Energy 
¢ 
y 
N 
%. 
8 


I}-----4 iL 


AO ofH AOofHF AO of F 
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Facts 
¢ 1s orbital of H is too high in energy that it can't interact with 
1s or 2s orbital of fluorine. 


e It interact with only one 2p orbital having symmetry to form 
MO's indicated in the figure above. 


* Out of total 8 valence electrons of HF molecule, only two are 
in delocalised MO's. 


Finally, we can sum up the MO diagram of molecules from 


B,—Ne, in the following table: 
A With 2s-2p mixing Without 2s-2p mixing 
Bo Co No Os Fo Nes 
52p ] AL 6 2p 
T2p [ | 14 ALL ALA Tt2p 
> 
2 O2p ] AL LAL ALT ALM | Tl2p 
ie 
Wi} nap | (1/1 AMAL AVAL AL Ab Ab 62p 
62s 4 L il b 4 L AL 4 b 4 b 62s 
oe | [iL AL AL AL AL |) oss 
BO— 1 2 3 2 1 0 
Magnetic Para- Dia- Dia- Para- Dia- Dia- 
properties | magnetic | magnetic | magnetic | magnetic | magnetic | magnetic 
Valence e~ | o2s2 282 | o2s26 252 | 62526252 | 62528 252 | 62526252 | o2s2 252 
configuration Te2p2 Th2p4 TL2p4 G22 © 2p2 62p2 M204 | 0202 T2p4 
Te2p4tt2p2 | 204 | 7204 S2p2 


Filling of Electrons in Molecular 
Orbitals 


The energy levels of molecular orbitals have been determined 
experimentally from spectroscopic data, for homonuclear 
diatomic molecules of the second row elements of the periodic 
table. The increasing order of energies of molecular orbitals for 
O, and F, molecules is given as: 
ols < G1s < 02s < 62s < o2p, < n2p, ~ n2p, < t2p, 

= 2p, < 6 2p, 
However, for remaining molecules, i.e. Li,, Be,, B,, C,, N,the 
order is ols < G1s < 6 2s <62s <n2p, ~ n2p, < 02p, < 

=T"2p, m'2p, <n 2p, 

Le. here energy of 2p, ~ 2p, is less than the energy of o2p, 
molecular orbital. 


Bond Order 
N,-N 


a 


Bond order = 


here, N, =number of electrons in bonding orbitals 


N, =number of electrons in anti-bonding orbitals 


¢ The stability of a molecule can be determined by its bond 
order as : 
1. A positive bond order means a stable molecule. 
2. A negative or zero bond order means an unstable 
molecule. 
3. Bond order values 1,2 and 3 corresponds to single, 
double and triple bond respectively. 


Bond order « —————__. 
Bond length 


e« Magnetic nature of molecules can also be determined by 
molecular orbitals as: 
1. If all orbitals are fully occupied, the substance is 
diamagnetic. 
2. If one or more molecular orbitals is/are singly 
occupied, the substance is paramagnetic. 


Bonding in Some Homonuclear 
Diatomic Molecules 


(a) H, molecule Electronic configuration ols” 
Bond order =1 
Conclusion Stable molecule, with single bond between 2H atoms, 
diamagnetic. 
(b) He, molecule Electronic configuration 
* 
ols’, o 1s” 
Bond order =0 
Conclusion Unstable molecule, does not exist. Similarly, Be, molecule 
* * 
with electronic configuration cls*a_ 1s°o2s°o 2s* does not exist. 
(c) Li, molecule Electronic configuration 


ols”, 6 1s”, 02s? 
Bond order =1 
Conclusion Stable (known in vapour phase) with single bond between 
2Li atoms, diamagnetic. 
(d) C, molecule Electronic configuration 
ols”, G 1s*, 02s’, 6 2s’, n2p;, ~ n2p, 
Bond order =2 


Conclusion Stable (detected in vapour phase), with2 a bonds between 
two C-atoms instead of 16 and 12 diamagnetic. 
(e) O, molecule Electronic configuration 
ols’, 6 1s”, 62s", 6 2s”, o2p?, 
n2p, = n2p?, Tt 2p, = n2p', 
Bond order = 2 


Conclusion Stable, with double bond between two oxygen atoms, 
paramagnetic. 
(f) F, molecule Electronic configuration 


ols’, G 1s”, 62s”, G 2s”, o2p%, 
n2p, ~02p;,% 2p, ~% 2p, 
Bond order =1 


Conclusion Stable, with one o bond between two F atoms, 
diamagnetic. 
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s-p Mixing 
lt can be seen due to low energy difference between 2s and 2p 
orbitals. (Mainly from B, — N,) due to which energy of o2p 
bonding MO increases. 
= Why the energy of 2s and 2p vary with Z(atomic number)? 


= As Z increases, shielding of outermost orbit decreases as 

effective nuclear charges (Z,. ) increases along a period making 

2s orbital more sable continuously (shielding/penetration effect ). 

= Following diagram shows the variation of energy of 2s orbital and 
growing energy difference with Z between 2s and 2p orbitals. 

2p == 


Li B Cc Li N O F Ne 
2s, 2p mixing =? 2s, 2p mixing is not 
possible due to low * 1 possible due to high 


energy difference 


1 
energy difference 
between them 


between 2s and 2p. 


Coordinate Bond 


Coordinate covalent bond or dative bond is a special 
type of covalent bond, which involves sharing of a pair of 
electrons. The speciality is that the shared electron pair is 
donated by one atom (called donor) and shared by both 
the atoms (the other atom being called acceptor), e.g. 

(i) Formation of NHj 


H fF Hy f 7 - 
HiN?+[H]* —|HINIH| or|H—N—>H 
Characteristics of Coordination 

Compounds 


The important characteristics of dative compounds are as 
follows : 

1. The compounds exhibit all three states, i.e. solids, 
liquids and gases under ordinary conditions. 

2. The melting and boiling points of these compounds 
are higher as compared to covalent compounds but 
lower than those of ionic compounds. 

3. Like covalent compounds these are also poor 
conductors of electricity in solid as well as fused 
state. 

4. These compounds are sparingly soluble in polar 
solvents like water, however these are readily 
soluble in organic solvents. 

5. Coordinate bond is rigid and directional, hence they 
exhibit isomerism. 

6. They show molecular reactions 
compounds. 
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like covalent 
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Metallic Bonding 


The peculiar type of bonding which holds the metal atoms 
together in a metal crystal is called metallic bonding. 
Different models have been proposed to explain the nature 
of metallic bonding, the two important ones are as: 


Electron Sea Model 


e According to this, a metal is regarded as a group of positive 
metal ions packed together as closely as possible in a 
regular geometric pattern and immersed in a sea of 
electron which move freely in the vacant valence orbitals. 


e The attractive force that binds the metal ions to the mobile 
electrons is called metallic bond. 


Ge Ge Oe @ 

e Oe Oe SDE Delocalised 
Oe Oe Oe electrons 
e@e Me Me™ metallic ion 


Electron sea model 


Band Model 


¢ The band model of metallic bonding is based on molecular 
orbital theory. According to this theory, a metal lattice has 
extremely large number of atoms. The atomic orbitals of 
these atoms overlap together due to similar symmetry 
and similar energy resulting to the formation of energy 
bands. The arrangement of electron in the different 
energy bands determines the characteristic of a metal. 


e The highest occupied energy band is called the valence 
band while the lowest unoccupied energy band is called 
conduction band . The properties of various elemental 
solids can be explained by the gap present between the 
top of valence band and the bottom of conduction band, 
called energy gap (E,). In the case of metals, semi-metals 
and non-metals the valence and conduction bands can be 
seen as: 


Conduction] 4|— Conduction 
Conduction by ; and baad 
band Overlapping 
energy ke Small be Large 
energy energy 
Valence gap gap 
band *}~valence 
band 
Valence band 
Metals Semi-metals Non-metals 


Hydrogen Bonding 


The attractive electrostatic force between a hydrogen atom 
(which is already covalently attached to a_ strong 
electronegative atom, i.e. any of F, O and N) and an 
electronegative atom (any out of F, O and N) is known as 
hydrogen bond. 
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Types of Hydrogen Bonding 


(a) Intramolecular H-bonding It is seen in a single 
molecule and when this type of H-bonding leads 
to the linking of two groups in such a way that a 
ring likestructure is formed, the effect is 
also called chelation, e.g. 


Intramolecular hydrogen bonding 


Salicylic acid 
(ortho-hydroxy 
benzoic acid) 


Butterfly structure of 
chloral hydrate 
(CCl3CH(OHs»)) 


o-nitrophenol 


Molecules with intramolecular H-bonding are 
known to have lower boiling and melting point. 
(bo) Intermolecular H-bonding It occurs between two 
or more molecules of similar or different 
compounds, e.g. 
b+ 


Ammonia molecule Intermolecular H-bonding in NH3 


Fi F.. Fi Fs. F 
he a aa a 


Intermoleular H-bonding in HF 


H 


e The intermolecular H-bonding is found to be 
responsible for high melting and boiling points of 
compounds in which it is seen. 

e Certain organic compounds like alcohols show 
miscibility with polar solvents like water. It is also 
attributed to intermolecular H-bonding between 
alcohol and water molecules. 


Nature and Importance of H-bonding 


1. H-bond is simply dipole-dipole attraction between 
oppositely partially charged ends. 
2. H-bond never involves more than two atoms. 
3. Bond energy of H-bond is of the order of 
3-10 kcal molt, i.e. about 1/10 of covalent bond. 
4. As the electronegativity difference of H and other 
atom to which it is covalently bonded increases, 
the strength of H-bond increases, e.g. 
H—F > H—O > H—N> H—Cl 
5. All the three atoms X —H—- lie in one plane. 


Effects of H-Bonding 


(a) High boiling point of water Due to polar nature of 
H,O, there is association of water giving a liquid 
state of abnormally high boiling point. 

+6 -6 +6 -58 +5 -8 +6 -8 
H 7 assH I mae H oi a==H “7 
Hy hs al Hs 
Actually, in water one water molecule is joined to 
four water molecules (two with H-atom and other 
two with O-atoms.). Thus, coordination number of 
water molecule in water is four. 

(6) Low density of ice as compared to water When ice 
is formed from liquid water; some air gap is formed 
(in tetrahedral packing of water molecules). Due to 
this, volume of ice is greater than liquid water and 
thus, ice is lighter than water. In another word, we 
can say that density increases but only upto 4°C, 
after this intermolecular H-bonding between water 
molecules breaks, hence volume increases and 
hence, density decreases. Thus, water has 
maximum density at 4°C. 

(c) Pentagonal arrangement of HF In the gaseous 
state, several polymeric forms of HF molecules 
exist in which the monomers are held together 
through H-bonding. A pentagonal arrangement of 
H—F molecules is shown below: 


—H 
- % 101 pm 


ao 180° a 


ea go OX 
M5 pm 


Dimerisation of eae acids Carboxylic acid 
dimerises in gaseous state due to H-bonding. 


=~ 
S 


160 pm 
H | 100 pm H 
| yo” aa | 
coe" yooh 
| O—H---O | 
H H 


van der Waals’ Forces 


van der Waals’ forces are very short lived 
intermolecular attractive forces which are believed to 
exist between all kinds of molecules when they are 
sufficiently close to each other. 
Types of van der Waals’ Forces : 

(a) Dipole-dipole interactions These are seen 
between polar molecules with permanent polarity 
in them. When polar molecules are brought nearer 
to each other, they orient themselves in such as 
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way that positive end of one dipole attracts the negative 
end of other dipole and vice-versa as: 


000 0K 


Illustration of dipole-dipole interaction 


e These forces are strongest of all van der Waals’ forces and 
are called Keesom forces. The intensity of these forces is 
generally hampered by an increasing in temperature. 

(6) Ion-induced dipole interactions Polar molecules are 


attracted towards ions and this interaction between ion 
and dipoles is called ion dipole interaction. Ions 
however, can attract neutral molecules also and have 
the ability of causing polarity in them. Such interactions 
are called ion induced dipole interaction. 


Cation Anion 


SL a 
lon dipole interaction (a) Cation from (CM *) attracts the 
negative end of dipole (b) (A) attracts the does end 


ne 
N 


(c) Dipole induced interactions When a dipole comes near 


the non-polar molecule it can induce polarity in 
non-polar molecule resulting to dipole induced dipole 
interactions which can be seen as : 


A B A B 
Polar Non-polar Permanent Induced 
dipole dipole 


(d) Instantaneous dipole induced dipole interactions 


Even non-polar molecules in themselves are polarised 
temporally due to displacement of electron cloud with 
respect to nucleus (instantaneously). Such an 
instantaneous polar 


dipole when interact + ; " _ 
with non-polar 
molecule, the result (a) (b) (c) 


is seen in the form of instantaneous dipole induced 

dipole interaction which can be seen as: 

(a) Non-polar molecules with a _ positive centre 
surrounded by a symmetrical negative electron 
cloud. 

(b) The displacement of electron cloud makes the 
non-polar molecule temporarily polar. 

(c) Temporarily polar molecule polarises_ the 
neighbouring molecule and creates in it the induced 
dipole. 
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The Simulator Test Series Towards JEE Main and Advanced 


JEE MAIN RIDE 1 


Instructions This question paper contains 30 questions each having four options, out of which only one option is correct. 


1. The correct functional group X and_ the 4. The initial rate of hydrolysis of CH,COOC,H, (1M) 
reagent/reaction condition Y in the following 


by a weak acid (HA,1M) is ai of that of a strong 
schemes are 100 


X{CH,),—X () Y ;. Cotidensation polymer acid (HX,1M), at 25°C. The K,(HA) is 
ma Va (a)1x 10" (b) 1x 10° 
‘C—(CH,) 4—C 6 4 
J Ga (c)1x 10 (da) 1x 10 
OH 


5. A monoatomic ideal gas undergoes a process in 
which the ratio of p to V at any instant is constant 
and equal to 1. What is the molar heat capacity of 


I. X =COOCH,, Y =H, /Ni/A 
II]. X =CONH,, Y =H, /Ni/A 


III. X =CONH,, Y = Brn /NaOH the gas? 
IV. X =CN, Y =H, /Ni/A 3R 
(a) All of these i Only | wen Ca 
(c) Il and Ill (d) None of these (o) 5R (d) 0 
2. The correct order of acidic strength of 2 
CO, ,CuO,CaO,H,0O is 6. (SiH,),N is weaker base than (CH,),N, select the 
(a) CaO < CuO < HO < CO, appropriate from the following. 
(b) HO < CuO < CaO < CO, (a) The lone pair of N involve in p-dx bonding with Si 
(c) CaO < HO < CuO < CO, (b) Carbon have vacant d-orbitals which involve pn-dx 
(d) HO < CO, < CaO < CuO bonding with N 
3. Predict the major product in the following reaction, (c) lone pair of N is available for donation to the C of (CH3)4N 


(d) None of the above 


H3C CH; 
TW + Ag+ A + B z z 
(Major) (Minor) 7. + HClO,—>A 


O O O 
@) H3C CHs () H3C CH3 Product A is 
LJ LJ (a) SF ee ee 
H3C gv CH 2 
a tS og HC CHg O O 
ww (c) (a) 
R R 
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8. Helium atom is two times heavier than a hydrogen 
molecule. At 298 K, the average kinetic energy of a 
helium atom is 
(a) two times that of a hydrogen molecule 
(b) same as that of a hydrogen molecule 
(c) four times that of a hydrogen molecule 
(d) half that of a hydrogen molecule 


9. A current of 3A has to be passed through a solution 
of silver nitrate to coat a metal surface of 80 cm? 
with a 0.005 mm thick layer. The time taken is 
(density of silver is 10.5 g cm’) 


(a) 12.58 (b) 125s (c) 1250 s (d) 100s 

710. The equilibrium constant for the reaction 
Fe?* + Ce** == Fe®t + Ce?* is 
(Given, E role) =1.44V,E mopar = 0.68) 


(a) 4.26 x 10% (b) 3.44 x 10'2 
(c) 4.26 x 107 (d) 6.88 x 10'2 


17. Which one of the following sets of quantum 
numbers represents an impossible arrangement? 


I m s 

(—) «3 2 2 1/2 

(b) 4 0 0 1/2 

(c) 3 2 26 1/2 

(d) 5 3 0) -1/2 

12. Which one is the most acidic? 

® ic) 
NH NH NH NHg 
(a) (b) (c) (d) 
Cl 


13. Product (A) of the following reaction is 


NH, 
NO, 
(i) NaNO, and HCl 
eS 
NO, (ii) Anisole 
NoCl 
NO> 
(a) (b) van-€\-ocx, 
NO> 
® °° 
NoCl 
(c) (d) OoN N=N 
OoN NO» 
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14, The major product of the following reaction is 


H3C Br 
F 
PhSNa 
dimethyl formamide 
NO, 
HgC\_\\SPh H3C SPh 
F F 
@ o fs 
A Za 
NO» NO» 
HC Br H3C SPh 
Se SPh Se SPh 
(c) (d) 
ZA Z 
NOs NOs 


15. Ifthe bond length of CO bond in carbon monoxide is 
1.128 A, then what is the value of CO bond length in 
Fe(CO), ? 
(115A (b) 1.128 A 


(c) 1.72 A (a) 1.118 A 


16. The reaction which proceed in the forward direction is 
(a) FeO, + 6HCI »2FeCl, + 3H,0 
(b) NH,+ H,O + NaCI——>NH,Cl+NaOH 
(c) SnCl, + Hg-Cl, >SnCl, + 2HgCl, 
(d) 2Cul + lp + 4H* ——>2Cu?* + 4KI 


17. A solution of non-volatile solute in water freezes at 
—0.30°C. The vapour pressure of pure water at 298 K 
is 23.51 mm Hg and Kk, for water is 1.86 K kg mol, 
The vapour pressure of this solution at 298 K would 
be 

23 18 
(a) 23.44 mm (6) —mm (c) —mm __ (d) None of these 
44 44 

718. In order to study the structural formulae of an 
unknown complex compound, 0.001 mole of the 
complex compound was passed through a cation 
exchange resin and the acid coming out of it 
required 30 mL of 0.1M NaOH. The structural 
formulae of the complex is 


(a) [Cr(H,0),]Cl, (b) [Cr(H,0),zCI]Cl, -H;O 
(c) [Cr(HO),Cly]CI-2H,O — (d) [Cr(H,O),Cl,]- 3H,O 


19. Select the incorrect option from the following. 

(a) CsBr has bcc structure with edge length of 43 pm and the 
shortest distance between cation and anion is 3.724 pm 
(b) The simple cubic lattice has packing fraction 52.4% 

(c) NaCl has fcc structure 
(d) ZnS has no alternate tetrahedral voids 


20. The name and type of following structure 


(a) ortho silicate, cross linked (b) pyroxene, linear chain 
(c) silicon, linear chain (d) ortho silicate, cyclic 


which type of reaction it is 
(a) a-elimination (b) B-elimination 
(c) Sy2 reaction (d) Sy reaction 

22. Gaseous cyclobutane isomerises to butadiene in a 
first order reaction which has a K value of 
3.3 x10 S* at 153°C. How many minutes would it 
take for the isomerisation to proceed 40% to 
completion at this temperature? 
(a) 26 min (b) 52 min 
(c) 13 min (d) None of these 

23. A plot of logarithm of rate versus logarithm of 
concentration of the reactant in a first order reaction 
is straight line whose slope is tan 8, where 0 is 
(a) 45° (b) 135° (c) 90° (d) log K 

24. There is no scum formation when hard water is 
being used. The washing powder can be 


(b) r<O)- SO,Na 


(d) None of these 


(a) Cy7Hgs COONa 


(c) Both of these 


25. Which of the following represents the correct order 
of increasing bond length between carbon and 
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(a CO, COHCO3, COZ” (b) COZ , HCO5, CO,, CO 
(c) CO, COz, COZ”, HCOF (d) COs, CO, HCO5, COS 
26. Select the incorrect statement, 
(a) Sucrose is dextrorotatory with specific rotation of + 166.5° 
(b) Phenomenon of change in specific rotation to a constant 
value is called mutarotation. 


(c) Cellulose is a white solid and main constituent of plants 
(d) Cellulose on complete hydrolysis gives D-(+)-glucose 


27. The reaction of toluene with Cl, in the presence of 
light gives 


Cl 
Cl Cl 
(c) (d) 1@ 
H3C CIH2C 
Cl 
28. The incorrect statement about O, is 


(a) O—O bond length are equal 

(b) thermal decomposition of O, is endothermic 
(c) O, is diamagnetic in nature 

(d) O, has a bent structure 


29. When is oxidised by MnO, in alkaline medium I” 


converts into 
(a) 103 (6) |p 
(c)|O% (a) 1O- 


30. H,O, is a better oxidising agent than H,O because, 


(a) the peroxide ion is unstable, has tendency to pass into 
unstable oxide state 

(b) the peroxide ion is stable, has tendency to pass into 
unstable oxide state 

(c) the peroxide ion is unstable, has tendency to pass into 
stable oxide state 

(d) None of the above 


oxygen. 

Answers 
1. (a) 2. (a) 3. (a) 4. (a) 5. (a) 6. (a) 7. (b) 8. (b) 9. (b) 10. (d) 
11. (c) 12. (b) 13. (b) 14, (a) 15. (a) 16. (a 17. (a) 18. (a) 19. (d) 20. (b) 
21. (d) 22. (a) 23. (a) 24. (b) 25. (a) 26. (a) 27. (d) 28. (b) ~=—-29. (a)_~— 80. (c 


The solutions of these questions are available on hittp://www.arihantbooks.com/Chemistry%20Spectrum.pdf 
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The Simulator Test Series Towards JEE Main and Advanced 
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Instructions 


This question paper contains 30 questions each having four 
options, out of which only one option is correct. 


The ratio of the wavelength of H, line of hydrogen in 


Balmer series to that of H, line of Li** in Balmer 
series is 
(a) 20/3 (b) 3/20 


(c) 20/9 (d) 9/20 


The number of S—S bonds in sulphur trioxide 
trimer (S309) is 
(a) three (b) two 


(c) one (d) zero 


When benzene reacts with acyl chloride in the 
presence of AIC], at 80°C forms methyl phenyl 
ketone with 97% yield. What is the intermediate 
formed during the reaction? 

(a) Carbene (b) Benzyne 

(c) Acylium ion (d) Carbanion 

For the cell Zn(s) / ZnCl, ||AgCl| Ag(s) E is 1.204 V at 


25°C and 1.260 V at 35°C at a concentration of 10° M 
value of AG is at 25°C 

(a) — 100.32 kJ (b) 1500 kJ 

(c) — 232.372 kJ (d) 239.32 kJ 


Which of the following species are arranged in 
increasing order of their bond order 

(2) Oo, No, Co, Fe (b)O5 ,O2,03 

(c) 03,03, 05 (A) O3,02,03 


A sodium salt of an unknown anion when treated 
with MgCl, gives white precipitate only on boiling. 
The anion is 

(a) SOF (b) HCO; (c) COZ7 (d) NOZ 

The product formed when 1, 4-benzenediol reacts 
with mild oxidising agent is 

(a) p-benzoquinone (b) 1, 4-naphthoquinone 

(c) p-cresol (d) None of these 

The pair(s) of reagents that yield paramagnetic 
species is 

(a) Na and excess of NH;(g) 
(c) Both (a) and (b) 


(b) Cu and dilute HNO, 
(dc) None of these 
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9. 


10. 


11. 


12. 


13. 


When 30 g of naphthoic acid (C,,H,O,) is dissolved 


in 50 g of benzene (K,; =1.72 K kg mol”) a freezing 
point depression of 2K is observed. The van't Hoff 
factor (i) is 


(a) 0.5 (b) 1 


Calcium crystallise in fcc unit cell with edge length 
of 0.556 nm, if it contains 0.2% Frenkel defects the 
density would be 
(a) 0.556 

(c) Both (a) and (b) 


(c) 2 (d) 0.33 


(b) 0.2 
(d) do not change 


Number of waves made by a Bohr's electron in one 
complete revolution in its third orbit would be 


(a) 2 (b) 3 
(c) 1 (d) None of these 
For the polymerisation of ethylene to linear 


polyethylene average enthalpies of bond dissociation 
for C=C and C —C at 298 K are +590 and +311 
kg/mol respectively, enthalpy of polymerisation per 
mole of ethylene at 298 K would be 

(a) — 16 kJ/mol (b) — 32 kJ/mol 

(c) 32 kJ/mol (d) - 18 kJ/mol 


is 
O CH,COG , HNO: 5 4 ¢ 
base H,SO, (major) (minor) 
A, B, Care 


(i) A= Acetanilide, B = p-nitroacetanilide, 
C = o-nitroacetanilide 


(ii) A = Acetanilide, B = m-nitroacetanilide, 
C =o-nitroacentanilide 
(iii) A = Acetamide, B = p-nitroacetamide, 
C = o-nitroacetamide 
(iv) A=Acetanilide, B = 4-nitroacetanilide, 
C =2-nitroacetanilide 
Correct option is/are 


(a) (i), (ii) (6) (i), (i), (ili) () Only (i), (iv) (Q) (ii), Mil) 


14. Which of the given statement(s) P, Q, R and S with 


respect to M is (are) correct? 


HO HO Cl 
H H Hi 
HO /, H Gy, HO OH 
H OH H 
CH, CH, Ge, 
M P Q 
CH, CHa 
OX aol 
HO «HO = 
Cl Cl 
R s 


(a) M and P are mirror image stereoisomers 
(b) M and Q are identical 

(c) M and R are distereomers 

(d) M and S are identical 


15. The complex ion [Ni(CN),° ~ has square planar- 


configuration with magnetic moment of zero. What 


would be the magnetic moment if it were 
tetrahedral? 
(a)4.84BM (6)1.73BM (c)287BM (da)5.9BM 


16. A solution of colourless salt M on boiling with 


excess NaOH produces a non-flammable gas. The 
gas evolution ceases after sometime upon addition 
of Zn dust to the same solution, the gas evolution 
restarts. The colourless salt ‘M’ is 


(i) NH,NO, (ii) NH,NO, 
(iii) NH,Cl (iv) (NH4).SO,4 


The correct option is 


(a) Only (i) 
(c) Both (i) and (ii) 


(b) Only (ii) 
(d) Both (iv) and (iii) 


17. The solubility product (K,,) of Ca(OH), at 25°C is 


4.42x10°. A 500mL of saturated solution of 
Ca(OH), is mixed with equal volume of 0.4M 
NaOH, how much Ca(OH), in milligrams is 


precipitated? 
a) 600.4 mg (b) 747.4 mg 
c) 74.74 mg (d) — 600.4 mg 


18. Amongst the compounds given, the one that would 


form a brilliant coloured dye on treatment with 
NaNO, in dil. HCl followed by the addition to an 
alkaline solution of B-naphthol is 


7 NCHa)2 SU NHCHg 
(a) | (b) | 
ZA 
QU NHp 7 CHpNHp 
() | (d) | 
S <A 
H3C 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 
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The reaction of white phosphorus with aqueous 
NaOH gives phosphine along with another 
phosphorus containing compound. The reaction 
type, the oxidation state of phosphorus in 
phosphine and the other product are respectively 
a) redox reaction, — 3and— 5 

b) redox reaction, -3 and + 5 

c) disproportionation reaction, -3 and +5 

d) disproportionation reaction, - 3and +3 


The shape of XeO,F,, molecule is 


a) trigonal bipyramidal 
Cc) tetrahedral 


(b) square planar 
(d) See-saw 


Which of the following is 

dichromate ion? 

(a) 4 Cr—O bonds have a bond length of 163 pm and the 
rest four Cr—O bonds have a bond length of 179 pm 

(b) All Cr—O bonds lengths are equal with Cr—O—Cr 
bond angle of 126 

(c) 6 Cr—O bonds have a bond lenght of 163 pm and the 
rest 2 Cr—O bonds have a bond length of 179 pm 

(d) 6 Cr—O bonds have a bond length of 179 pm and the 
rest 2 Cr—O bonds have a bond length of 163 pm 


The complex of [Co(NH,), (NO,)f *shows 
(a) optical isomerism 
(c) ionisation isomerism 


correct regarding 


(b) geometrical isomerism 
(d) linkage isomerism 


In the cyanide extraction process of silver from 
argentite ore, the oxidising and reducing agents 
used are 

(a) O, and CO respectively 

(b) O, and Zn dust respectively 

(c) HNO, and Zn dust respectively 

(d) HNO, and CO respectively 


100 mL of a colloidal solution is completely 
precipitated by the addition of 5 mL of 1 M NaCl 
solution, coagulation value of NaCl would be 

(a) 50 (b) 100 

(c) 25 (d) None of these 


The rate constant, the activation energy and the 
Arrhenius parameter of a chemical reaction at 25°C 
are 3.0x10°* s''104.4 kJ mol’ and 6.0 x10"s7 
respectively. The value of rate constant when T > o 
is 

(a) 2.0x 10'8 57 
(c) infinity 


(b) 6.0 x 10"4 5 
(d) 3.6 x 10% s7 


In a solid AB having the NaCl structure A atoms 
occupy the corners of the cubic unit cell. If all the 
face centred atoms along one of the axes are 
removed, then the resultant stoichiometry of the 
solid is 
(a) ABs 

(c) A,Bs 


(b) A,B 
(d) A,B, 
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-~ ~O. _-CH 
27. Which of the following is the most acidic? Gana 1 ° 
; a (b) [OJ I + HCOOH 
ary ebm of) C 
@f\ ©] | Ot @kwo ~ COOH 1 
H* 
| CH3—C—O—C—CH 
28. Arrange in the decreasing order of reactivity of the (0) aN : aa 
following compounds’ towards _ electrophilic - On Ss 
aromatic substitution reaction is > COOH | me 
(d) [CO | + CH;—C—NH, —> 
de | Nou 
. ft ah 
s ich one is the correct statement for the following 
(i) l_- | @ | 30. Which one is th for the followi 
aa AON disaccharide? 
ae ( ex CH,OH 
(iii) eR 5 (iv) ee u}-OQH HOH,C O 4 
H 
" OH H | \ H HO 
(a)iv>i> i> ii (b) iii >i > iv > ii HO’ O ) CH,OH 
(c)i> iii > iv > ii (*Diii> ii >i> iv 
H OH OH H 
29. Which of the following is the best method for (i) (ii) 
preparing aspirin? 
; Coon 2 (a) Ring (i) is pyranose with a-glycosidic link 
ei | (b) Ring (i) is furanose with a-glycosidic link 
(a) (@) + HO—C—CHg (c) Ring (ii) is furanose with a-glycosidic link 
= (d) Ring (ii) is pyranose with B-glycosidic link 
Answers 
1. (a) 2. (d) 3. (c) 4. (0) 5. (b) 6. (b) 7. (a) 8. (b) 9. (d) 10. (d) 
11. (b) 12. (b) 13. (c) 14. (b) 15. (c) 16. (c) 17. (b) 18. (c) 19. (c) 20. (d) 
21. (c) 22. (d) 23. (b) 24. (a) 25. (b) 26. (d) 27. (b) 28. (c) 29. (c) 30. (a) 


Detailed solutions of these questions are available on htip://www.arihantbooks.com/Chemistry%20Spectrum.pdf 
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TEST RIDER 


The Simulator Test Series Towards JEE Main and Advanced 
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Paper 1 


Section | (One or More Than One Option Correct Type) 


A strong current of trivalent gaseous boron passed 
through a germanium crystal decreases the density 
of the crystal due to part replacement of germanium 
by boron and due to interstitial vacancies created 
by missing Ge-atoms. In one such experiment, 1g 
of germanium is taken and the boron atoms are 
found to be 150 ppm by weight, when the density of 
the Ge crystal decreases by 4%. Calculate the 
percentage ofmissing vacancies due _ to 
germanium, which are filled up by boron atoms. 
(Atomic weight of Ge = 72.6 and atomic weight of 
B= 11) 
(a) 4.676 (b) 2.376 (c) 6.412 
In the acid hydrolysis reaction, 
A+H,0+ H* —> product, 
where [H*]=0.1 mol dm® and H,O is present in 
excess, the apparent rate constant is1.5x 10° S™. 


(d) 8.414 


Determine the true rate constant (12 mol *S"') 
(a)2.7 x 10% (b) 4.7 x 10°® (c) 3.46 x 10° (a) 4.36 x 10° 
K + HClO,— L+ M 
(Mixture of two White __(Filtrate) 
cations) 
NaOH 


K,Hgl, /OH~ 


Brown ppt <——*++"——_ N 


The cations present in K are 
(a) K* andNa* (b) K* and NH; 
(c) Mg2* andNa* (d) NHi and Fe?* 


Among the following statements, which one is 
correct for the complex K, [Fe(CN), O,] having ty 6, 
ey electronic configuration? 

(a) d?sp* hybridised and paramagnetic 

(b) d*sp? hybridised and diamagnetic 

(c) sp°d? hybridised and paramagnetic 

(d) sp*d? hybridised and diamagnetic 


In which of the following pairs is there the greatest 
difference in the oxidation numbers of the 
underlined elements? 
(a) P 505 andP 4049 

(c) NO, andN O, 


(b) SO, and SO, 
(d) NO and NO 


6. 


Y i 


10. 


What is the de-Broglie wavelength of an electron 
travelling at 1% of the speed of the light? 

(a) 442.4A (b) 342. 2A 

(c) 242 .4 pm (d) 134.3 pm 

1.2575g of a sample of [Cr(NH,),] SO,Cl 

(MW =251.5) is dissolved to prepare 250 mL 
solution showing an osmotic pressure of 

1.478 atm of Hg at 27 C. Which of the following 


statement(s) is/are true about this solution? 

(a) Each molecule furnishes three ions in solution 

(b) The van’t Hoff factor is three 

(c) The molarity of [Cr(NH3)g] SO,CI at equilibrium is equal to 
zero 


(d) The molarity of [Cr (NH), ]°* at equilibrium is equal to 0.02 M 


Which of the following method(s) is/are true for the 
synthesis of Ph” Y ‘Me? 

@) Li 

(i) Cul (i) NHp — NHp 
(a) PhBr (ii) PrcOCl (b) PhCOPr (i) OHA 

(iv) Zn—Hg/HCI 

Zn—Hg/HCI me ale 

(c) PhCOPr ——>—>_ (d) PhCOPr Tp Raney NIFH 


Which of the following reactions would give caproic 
acid? 
: CO» (i) Mg/ether 
(a) nN-C 5H,,Li ——> (b) nC 4Hg rr 
(ii) H30* (ii) CO2 
(iii) HgO * 
C.H,jBr- 3 (d) n-CH,,MgBr+(CN), 
c) n-C r n r+ 
(c) ST Co, >  (d) 54 MQ ( gaa? 
Ra 
. a C a 
ze 2 
- 
Pyridine (I) oi (II) Imidazole (III) 


Which of the following statement(s) is/are correct 

regarding the above structures? 

(a) (I) and (Ill) are modest Bronsted bases while (II) is not 

(b) When (Ill) is protonated in the presence of a strong acid, 
protonation occur at C-2 

(c) In (Ill), N? is more basic than N° 

(d) All the nitrogen present is (1), (Il) and (Ill) are sp" hybridised 
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Section II (Integer Type) 


17. 


12. 


13. 


14. 


15. 


16. 


17. 


78. 


19. 


20. 


In the following compounds, how many of them 
is/are having only acidic nature? 


Be (OH),, Mg(OH),, Al(OH);, B(OH), 


A person takes 6.1g of an antacid tablet comprising 
bicarbonate ion at 28.6%. The volume of CO, 
evolved (at 1 atm and 25°C) in the stomach (on 
neutralisation) multiplied by a factor of '10' will be 
yL. Determine the approximate value of y 
(in integer). 

Among the given sols, how many of them can 
coagulate the haemoglobin sol? 

Basic dye, starch, clay, As,S; CdS, Fe(OH);, 
Ca(OH),, Al(OH), 


The given two first order reactions with their half 
times at 25°C are 
xX 125m Products 


t = 40 min 
y —12———» Products 


The temperature coefficients of their reaction rates 
are 3 and 2, respectively, between 25°C and 35°C. If 
the above two reactions are carried out taking 0.4 M 
of each reactant but at different temperatures of 
25°C for the first order reaction and 35°C for the 
second order reaction, calculate the ratio of the 
concentrations of X and Y after an hour. 


Propane-©2+ X (Isomeric products) 
hv C3H,Cl 


| Fractional distillation 


Y (Isomeric products) 
The sum of the numerical values of X and Yis....... : 


What is the difference in the values of mand nin the 
anionic species [V(CO),,]", if it is following 
Sidgwick EAN rule and having octahedral shape? 


Find the experimental dipole moment ( in debye) 
of the (A — B) bond, if electronegativity of elements 
A and Bis 1 and 2.5, respectively and bond length is 
3.92 A. 


When thiosulphate ion is oxidised by iodine, the 
new product (X) is formed. The number of S—S 
linkage(s) present in X is/are..... . 


The compound M X, is octahedral. Find the sum of 
the two digits of the number of X—M—xX angles in 
the compound. 


During the discharge of a lead storage battery, the 
density of 40% H,SO, by weight fell from 
1.225 to 0.98 which is 20% by weight). The change 
in molarities of H,SO, is equal to ........... . 
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Paper 2 


Single Option Correct 


OH SOCL,/Py 


A 
SOCL 
Le =e 
A PBr3 Cc 
Me “Me 


Cis-4-isopropyl cyclohexanol 


The stereochemistry of A, B and C respectively, are 
(a) trans - , Cis - , trans- (b) cis-, cis-, trans- 
(c) trans-, trans-, cis- (A) cis-, trans-, Cis- 


Calculate FE.) 
Pt|Fe”* (0.10 M), Fe** (0.20M ) || Ag* (1.0 M) | Ag 


, of the following cell 


Given, Ee 3 pe pk =0.770V and Eat jig 0.800V 
(a) 0.2341V (b)0.0122V— (c) 0.4163 (d) 0.0352 V 


The chemical reaction 20; —— 30, proceeds as 


follows 
(fast) 
(slow) 


O, =~ 0, + [0] 
[O] + O; ——> 20, 
The rate law expression should be 
(a)r = KOs} [02] (b)r = K[O3P[O.1" 
(c)r = k[Og][O2] (d) r= k[O3F 


II (i) CsH/OH, 4 
O—Ph_ fii) Hs0+ 


The major products A and B respectively are 
OCOC3Hs 


O 
o MON. oon or 
35 


OCOC Hs 


O 
| CH 
(b) Me—C—OC3H,, 


: OCOC>Hs 
o) Me. Jl 
OC3H>, 


CHg 


O 
Mex J 
OCH, 


OCOC3Hs 


(d) 


5. 


7. 


Et,NH 4 Lvs >A >B 


H, +Ni 
Room temp. 


(Local anaesthetic) 


What is B and C in the above sequence of reaction? 


B 
(a) MepN—CH»—CH;—COO {O) NO» 
e 
saa al 
O 
(b) CHs—O f NH» 
O 
Me,N—CH»—CH»—COO <®@ \ 
(c) EAN 0H 0-6 —{) 
O 
EtsyN—H»C—H,C—O : On 
(a) Et)N—CHs;—CH,—O—C 


:O- 
(or 


A refrigeration tank holding 5.00 L freon gas at 25°C 
and 3.00 atm pressure developed a leak. When the 
leak was discovered and repaired, the tank had lost 
76.0 g of the gas. Find out the pressure of the gas 
remaining in the tank at 25°C. 


EtpN—(CH 


(a) 0.83 atm (b) 8.3 atm (c) 4.2 atm (d) 0.42 atm 
The CFSE for [Fe(CN), P° is 

(a) - 3.2 (b) + 1.8 (c) - 2.0 (d) + 4.1 
Determine the average molecular mass M,, and M, 


of a polymer sample in which 30% molecules have a 
molecular mass of 20000, 40% have 30000 and the 
rest 30% 60000. 

(a) 33000, 44000 (b) 36000, 43333 

(c) 48000, 55566 (d) 35000, 25555 


In an oil drop experiment, the following charges 
(in arbitrary units) were found on a series of oil 
droplets 


2.30 x10°45, 6.90 x10 1°, 1.38 x10 4 
5.75 x10 7°, 3.45 x10 1°, 1.96 x10“ 


The magnitude of charge on the electron (in the 
same unit) is 
(a) 1.43 x 1074 


(c) 1.15 x 107'§ 


(b) 2.96 x 107" 
(d) 3.21 x 107" 
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10. 1, (9) +50, () — 1,0 @) 


BE(H—H) =y, 
BE(O=O)= y, 
BE(O—H) = 


Latent heat of vaporisation of water =y,, then A;H 
(heat of formation of liquid water) is 


(@)2y.-wy- 2 — ve (0) y+ 22+ Ya~ Ya 


(0) y+ 2 —2ya+ % (Dy, + 2 —2ya— ya 


Paragraph for Questions 11 and 12 


x y 


In the above container compartments X and Y have the 
following combinations solutions. 


S.No. x Y 
1. 0.1 MKCl 0.2 MKCl 
2 0.1% (m/V) NaCl 10% (m/V) NaCl 
3. 18 gL! glucose 34.2 gL! sucrose 
A 20% (m/V) glucose | 10% (m/V) glucose 


11. Indicate the number of solution(s) which is/are 


isotonic? 
‘a) Only 1 (b) 2 and 4 
c) Only 3 (d) Only 4 


12. Indicate the solution(s) in which compartment Y will 


show an increase in volume 
a) 1,3, 4 (b) 2, 3,4 
c) 1,2 (d) 3, 4 


Paragraph for Questions 13 and 14 


(O} Cotes aicy, — +h A 


|rce 
OH/H,0+ 
M 


Na. 


713. Compound L is 


(a) PRCOCOPh 
(c) PRCOCH(OH)Ph 


(b) PhCOCOOH 
(d) PhCH(OH)CH(OH)Ph 


14. Compound N is 


Ph OH Ph 

(a)  « (6) a 
Ph COOH Ph 
Ph 

oS 8s 
Ph Ph 
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Paragraph for Questions 15 and 16 78. Match the Column I with Column II and select the 
correct answer using the codes given below. 
Column | Column II 
(Redox reaction) (Value of m) 
P. 1mole of MnO; can oxidise m mol of | 1. 6 
Fe** ions in acidic medium. 
Q. 1 mole of CuS can be oxidised by 2 5 
mmol of Cr,O%" ion in acidic medium. 
R. 1 mole of Cu,S can be oxidised by 3. 1 
mmol of MnO, ion in acidic medium. 
~700 t ' S. 1 mole of Cr,05 ion oxidise m mol of | 4. 1.6 
0 400 800 1200 1600 2000 Fe2* ion in acidic medium. 
Temperature (°C) —> 5. A 
15. For the reduction of FeO at the temperature Codes 
corresponding to point D, which of the following PQRS PQRS 
statement is true? a5 3 2 1 (b)3 21 4 
(a) AG value for the overall reduction reaction with carbon (c)2 3 4 6 (Jt 235 


monoxide is zero 19. Match the Column I with Column II. 


(b) AG value for the overall reduction reaction with a mixture of 


; _ Column | Column II 
1 mole of carbon and 1 mole of oxygen is positive P. Arta S >0 1, Whseryy done by syste 
(c) AG value for the overall reduction reaction with a mixture of Q. Arotay S < 0 2. Second law of thermodynamics 
2 moles of carbon and 1 mole of oxygen will be positive R. AH 3. Non-spontaneous process 
(d) AG value for the overall reduction reaction with carbon aS SAY eT 
monoxide is negative Codes 
; : PQRS PQRS 
76. At the temperature corresponding to which of the @3421 0) 4324 
points in figure, FeO will be reduced to Fe by ()1 23 4 (d)2 3 4 14 


coupling the reaction 2FeO —> 2Fe + O, with all 


of the following reactions? 20. Match the Column I with Column II. 


iC sO, —+ co, (ii) 2c + O, —> 2CcO eave Sommnl 
ee Ph Me 1. Syn hydration with 
(iii) 2CO + O7 —> 2CO, P — () Hg (OAc)2 + H20 anti-Markownikoff’s 
(a) Point A (b) Point B and E (ii) NaBHy OH regiospecificity 
(c) Point D (d) Point D and E H 
Ph Me — 2. Cyclic intermediate 
Matching Type Q. = Belg THF transition state 
(ii) H202/OH 
17. Match the Column I with Column II and select the an ae tei et ce “ts 
‘ : . Anti-hydration wi 
correct answer using the codes given below. — () Hg (OCOF3)2 + PhOH diabetes 
Baia (Number of unpaired) Column II R. i iy (i) NaBH regiospecificity 
elections) pale = (i) Bog THF 4, Overall non-stererospecific 
P. [Fe(NH,)@* | 1. 0 0 S. Ph—C =C—Me “iy cH, COOn? 
Q. [MnO,] 2 5 59 5. Overall stereospecific 
R. [Mn(NH3)g** | 3. 1 1.73 Codes 
4.4 4.90 P Q R $ 
Codes (a) 2,3,4 4 4 3,4 
P QR P QR (b) 1,2,5 3 2,3 3,4 
(3 2 4 (b)4 1 2 (c) 5 1,22; 3,4 2 
(c)1 4 3 (da) 3 4 2 (d) 3,4 1,2,5 3,4 1,2,5 
Answers 
Paper 1 
1. (b) 2. (a) 3. (b) 4. (a) 5. (b) 6. (c) 7. (a,b,c,d) 8. (a,b,c, d) 9. (c, d) 10. (a, b) 
11. (1) 12. (7) 13. (4) 14. (2) 15. (9) 16. (5) 17. (6) 18. (3) 19. (3) 20. (3) 
Paper 2 
1. (a) 2. (b) 3. (b) 4. (c) 5. (d) 6. (a) 7. (Cc) 8. (b) 9. (c) 10. (d) 
11. (c) 12. (c) 13. (c) 14. (a) 15. (a) 16. (b) 17. (b) 18. (c) 19. (d) 20. (d) 


The solutions of these questions are available on http://www.arihantbooks.com/Chemistry%20Spectrum.pdf 
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Reaction 
Mechanisms 


Sanjay Sharma 


\ To improve your foundation of organic chemistry 


The story of addition elimination reactions 
will continue in this issue also and here 
we will discuss the core mechanism of the 
reaction of carbonyl compounds 
(i.e.aldehydes and _ ketones) with 
ammonia and derivatives of ammonia. 


Actually esterification is considered as an 
extreme case of Nu addition elimination 
because the >C=O (carbonyl) part of a 
carboxylic acid is not at all considered to 
be as an active group. Further, ammonia 
and its derivatives may be regarded as 
nitrogen analogues of water and alcohol. 
So, after going through esterification it 
becomes easier to understand these 
mechanisms. 


Aldehydes and ketones react with primary 
amines (R—NH, and Ar—NH,) and other 
ammonia derivatives to produce imines 
and similar compounds with carbon 
nitrogen double bond as shown below: 


\ H* \ 
C=O + H,NZ C==NZ + H,O0 
/ / é 
A primal 
A carbonyl fest a Imine 
compound other ammonia 
derivatives 


If we take a primary amine as one of the 
substrates than the imine produced is 
called Schiff base. Here, Z represents 
various group e.g., R—, —OH, —NH,, 
etc. 

Just like esterification these reactions are 
also acid catalysed, but the quantity of H* 
affects variously, i.e. an optimum pH 
is required to perform these reactions to 
their best. 


The Ammonia Derivatives 


= There is along list of ammonia originated compounds which can participate in reaction 
with aldehydes and ketones to form imines and similar compounds. Among them the 
major ones are 


1. Hydroxyl amine - NH,OH 
2. Hydrazine - NH,NHy 
3. Phenyl hydrazine - NH, -NHC,.H; 


ihe 


4.2, 4-dinitrophenyl hydrazine (2,4 DNP) - NH,-NH— O —NO, 


5. Semicarbazide - NH, -NHCONH, 
6. Primary amines - ANH, 

= If you observe all these carefully, you will find —NH, group in all of them, which 
actively participates in the process of imine formation. The underlined part in all the 
cases does not participates in the reaction hence,will be shown as Zin the reaction 
mechanism. 

= The imine products of the above written ammonia derivatives are highly crystalline and 
have sharp melting points. These products were used in past in the identification of 


liquid aldehydes and ketones, which are now identified through IR and NMR 
spectroscopy. 


The Stepwise Approach 

As these reactions are acid catalysed hence their first step is similar to the 
one we Saw in esterification also, i.e. generation of the site for the attack of 
nucleophile. So, the steps are 


{ Site for the attack of nucleophile | 


- Y 
SF eHt XV 8 Ne ae 
9 /~ ~YeTO—H—> YEOH 


Step 2 Attack by the nucleophile and liberation of H* 


Step 1 Looks like Si 


y 
»s 6 | ~Sc — el ~Yo— OH 
Z LDH i 
N N—H 
[™H | 
Z Z 
Hemiaminal 


(A geminal amino alcohol) 
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The intermediate hemiaminal cannot be isolated 
under normal circumstances. It is quite unstable due 
to the availability of a hydrogen (attached to nitrogen) 
for further reaction. 


Step 3 The oxygen of —OH group in hemiaminal accepts 
the proton liberated in step 2 resulting to imine formation 
as: 


NN 4 ; 
a eas oo 
ie H i Z 
Z Z % + \ “ 
“fo H ys 
Z 2 
Imine 


As the number of H* accepted equals the number of 
H’* liberated, thus, its unaltered concentration proves 
its catalytic utility. 


pH-Rate Profile : The [H* ] Delicacy 


The pH at which the imine formation is carried out must be 
controlled carefully. There must be sufficient acid present to 
protonate the tetrahedral intermediate so that H,0 rather 
than the much more basic “OH is the leaving group (in step 
3). However, if too much acid Is present, it will protonate the 
reactant amine, thus, reducing the possibility of nucleophilic 
attack over carbonyl groups as protonated amines are not 
nucleophiles. 

A plot of observed rate constant for the reaction of acetone 
with hydroxyl amine is given below: 


1.5 q 
a ® 
le C4 
<€ 1.0 g \ 
Be ty 
ey 
05+ § 
PY t) 
& 


This type of plot is called pH-rate profile. This bell shaped 
curve shows maximum rate at pH 4.5 approx. Below pH 4.5 
the rate of reaction decreases due to the protonation of 
more and more amine. Above pH 4.5, on the other hand, the 
rate decreases because of the decrease in the attack of H* 
over —OH group in step 3. 


In acidic solutions, imines are decomposed to give 
carbonyl compounds and amines as: 


REACTION MECHANISMS 


H 
\ pr H* \a__ ra 
—— + H,O — /eE=O + WN\a 
Z Z 
Imine formation reactions with various ammonia derivatives 
give the following products: 


(i) \C=0+NH,- ‘OH > SC=N—OH 


-H,O 


Hydroxyl Oxime 
amine 
‘S \ 
(ii) /C=O0+ NH, -NH, > JESN: NH, 
Hydrazine ae Hydrazone 


(iii) SCO + NH, NH~©O — Sc=N-NXO 


Phenyl “Fy | 
hydrazine H 
Phenyl 
hydrazone 
NO, NO, 
| 3 | 
(iv) (C=O +NH, -NXO -No. > S C=N-NXO No, 
| 0 7 
H H 
2,4-dinitrophenyl 2,4-dinitrophenyl 
hydrazine hydrazone 
H 
(v) SC=0+ NH, -NHCONH, —> 
Semicarbazide <2 o 
»>C =N-NHCONH, 
Semicarbazone 


Remember in semicarbazide 2NH, groups are present, i.e. 

(NH, -NHCONH,) but the one away from CO group will participate in the 
reaction as the nitrogens present on both the side of >CO group 
establishes conjugation, i.e. lone pairs of nitrogens are in conjugation 
with carson-oxygen z-bond. 


>C=O (Carbonyl) vs>C==N (Imino group) 


The orbital model of an imino group is more or less similar to 
the orbital model of a carbonyl group. Along with the imine 
carbon, the imine nitrogen is also sp’ hybridised. One of its 


sp” hybrid orbitals form a o-bond with the imine carbon, 


while the other forms one more o-bond with the substituents 
(shown by Z in the reaction). 


The p-orbital of nitrogen overlaps with p-orbital of C-atom to 
form a m-bond while one lone pair of electron is also present 
with nitrogen. The complete orbital model looks like: 


Cc Cc 


CDN 
A Fe 


Loy 


—lone pair 


FEBRUARY 2015|f@i@ininamaiaaahi 43 


REACTION MECHANISMS 


Reactions @ Ammonia 


The reaction of ammonia with first 3 members of 
aldehydes and ketones are very diversified and gives 
different products, with more or less_ similar 
mechanisms. Perhaps here the reactivity of these 
aldehydes and ketones also play some role. 


With Formaldehyde (HCHO) 


NH, with HCHO forms a very useful drug, i.e. 
urotropine or Hexamethylenetetramine. The drug is 
used to detect UTIs (Urinary Tract Infections) and the 
reaction proceeds through Nu’ addition elimination. 
The equation of reaction is 

6HCHO + 4NH3; ———> (CHa)gNq + 6H2O 


Urotropine 


With Acetaldehyde (CH,CHO) 


Ammonia gives acetaldehyde ammonia and the 
reaction is nucleophilic addition i.e. 


HC. 4, H3C OH 
H \eZ7 
C=0O + NH; ———> Cc 
7% @ HZ ~ \NHp 
acetaldehyde 
ammonia 
With Acetone (CH,COCH;) 
The reaction is again nucleophilic addition 
elimination and the product formed is called 
diacetone amine, i.e. 
HC H3C OH CHgCOCH 
De=0 + NHy ——> pid 
H3C H3C NH, -H,O 
Unstable hemiaminal 
HC // CHeCOCH 
H3C” — \NH> 


Diacetone amine 
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Imines in Biological Transformation 


Imines are very important for biological systems. One of 
such example is active form of vitamin A aldehyde 
(retinol). This aldehyde is bound to the protein opsin in the 
human retina in the form of an imine. The primary amino 
group for this reaction is provided by the side chain lysine 
and the imine formed is called rhodopsin or visual purple. 


Sk al 4 
il 6 
2 | ~~ So PSie 
3 13 
Ls Sa 
C=O 
11-cis-retinal H~ '° 
SZ | 
e : SS SSS 
ae a ig | 
Lysine NH,* oS 
Rhodopsin (visual purple) C=N—cpsin 
Likewise, the related molecules pyridoxal and 
pyridoxamine (of vitamin B complex) assist in the 


interconversion of carbonyl groups and primary amine 
functions in biology as shown below: 


JoOH 
CH)NH> CHN=CC 
HOCH, | oy HOCH, | gy CHR 
Yay 
+ RCH,;COCO,H | 
N~ cH N” NCH 
3 2-oxocarboxylic : 
Pyridoxamine acid 
CO>H 
H N— CH 
N\cF 
C NcHpr 
HOCH, | oy 
Rearrangement yi 
TA 
N’ \CHg 
es 
HOCH> NH» 
x Ses | 


| + RCH»CHCO>H 


Ss 
N CH ; ; 
2-aminocarboxylic 
Pyridoxal acid 
In the forward direction, this process synthesises several 
naturally occuring amino acids, while in reverse mode, it 
aids in their metabolism. 


JEE FINAL LAP 


JEE FINAL LAP 
QUICK CONCEPT REVIEW 


Electrochemistry 


It is the branch of science which deals with the 
interaction of electrical energy with chemical species. 


Electrolytic and Metallic 
Conductors 


The substances that allow the passage of electric 
current through them are called electrical conductors 
or simply conductors. Those substances which do not 
allow the flow of electric current through them are 
termed as insulators. 


The conductors can be of electrolytic (conduction 
through ions in solutions) and metallic (conduction 
through free electrons). 


Electrolysis 


The process of decomposition of an electrolyte on 
passing electric current through its aqueous solution 
or in the fusedstate is called electrolysis. In 
electrolysis, electric current is used to bring a 
non-spontaneous chemical reaction (the reaction for 
which AG = + ve and AE = - ve), e.g. electrolysis of 
molten NaCl 
NaCl (molten) ——~ Na* + Cl 
Atanode 2Cl -2e —~>C1,7T 
At cathode 2Na* + 2e° —> 2Na(I) 


Faraday’s Laws of Electrolysis 


The laws which are governed during’ the 
decomposition of substances at electrodes with 
passage of electric current are called Faraday's laws of 
electrolysis. 


Faraday’s First Law 


The weight (w) of an ion discharged during electrolysis is 

directly proportional to the quantity of electricity passed. 
w=ZlIt 

where, Z is a constant known as electrochemical equivalent 

(ECE) of the ion deposited. 


Faraday's Second Law 


When same quantity of electricity is passed through different 
electrolytes, the masses of different ions liberated at 
electrodes are directly proportional to their chemical 
equivalents (equivalent masses). Suppose w, and w, are the 
masses of the elements deposited by passing a certain 
quantity of electricity through their salt solutions and E, and 
E, are their respective equivalent masses, then 

w, _&, 

Wo 7 E, 


Thus, the electrochemical equivalent (z) of an element is 
directly proportional to its equivalent mass (E), i.e. 

Ex«xZ or E=FZ 
where, F is again a proportionality constant and has been 


found to be 96500C. It is called Faraday constant w = sean 


e Electrical energy required to produce charge Q( It) is 
w=VQ=VIt 
¢ In case of gaseous products, w and E can be expressed in 


terms of volume as V, = Veit 
96500 


where, V, = volume of gas evolved at electrode 


V, = equivalent volume of gas 
For O,, V; = 5.6 Lat STP 
ForH, , V, = 11.2 Lat STP 
For Cl,, V; = 11.2 Lat STP 
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Preferential Discharge During 
Electrolysis 


During electrolysis, if more than two 
electrolytes are present in the solution, 
only the ions requiring least energy are 
discharged in preference to other. 


The increasing power of deposition of 
some ions are given below 
For cations 
Kt, Na‘, Ca?*, Mg’*, At, Zn°*, Ht, 
Cu’*, Hg’*, Ag* 
For anions 
SO7,NO;,OH", Cl, Br, I 
Increasing power of discharge 


Application of Electrolysis 


« Non-metals like H,,0,,Cl, etc., are 
obtained by electrolysis in pure form. 
Alkanes are obtained by Kolbe's 
electrolytic method. 

e Metals like Na, Al, Ca, Mg, K are 
obtained by the electrolysis of fused 
electrolytes. 

¢ Metals like Au, Ag, Al, Sn etc., are 
refined by electrolysis. Inferior metals 
are coated with a superior metal like 
Ag, Au, Pt by electrolysis. 

e Thickness of the coated layer can be 
calculated as 

EIt 
96500 


Conductance and Conductivity 
of Electrolytic Solution 


(length x breadth x height) x p = 


Conductance (C) is the power of an 

electrolytic solution to conduct electricity 

and is related to resistance (R) as 
1 A 


pl 


where p is the specific resistance and 
is defined as the resistance of a 
conductor of 1 cm length and1cm’ area of 
cross-section. 


. is called cell constant. 


Units of conductance-ohm™ or 
mho (Q”) 


Simen (in SI) cell constant-cm™ 


Different Types of Conductivity 


There are 3 types of conductivity as shown in the table below 


Conductivity ner ; 
type Definition Formulae Unit 
Specific Itis the reciprocalof ,2 tL ty ohm7! cm or 
conductivity specific resistance p R A Q7* cm" orS cm" 
(k) [: _ ‘) oe ef 
p 7 A 

Molar Itis the conducting , _«X1000_.\, OQ" cm’? 
conductivity power of a solution ™ mol’ S m? mol 
(Am OF) containing 1 g-mole (y= volume of 

of an electrolyte. solution containing 1 

g-mole) 

Equivalent It is the conducting , _ K x 1000 Q-"cm? eqv™ 
conductivity power of a solution N Sm? eqv' 
(Acq OF A) containing =KxV, 

1 g-equivalent (V,, = volume of 


of electrolyte solution containing 1 


g-equivalent) 


Conductivity : A Basis for the Measurement 
of Purity of Water 
Water, in normal condition doesn’t exist in pure form due to the existence of many 
impurities like organic matter, microorganisms, salts, acids and bases. 
e Many of these impurities are ionic and increases the conductivity of water. Hence, 


the purity of water can be measured from its conductivity. Higher the conductivity, 
lower is the purity of water, as impurities increase the conductivity of water. 


e Normal drinking water has conductivity of around 200-1000 mScm~'. Pure water 
required to prepare medicine needs a very low conductivity of less then 1.5mS cm‘!. 


Variation of Conductivity with Dilution 


e Atinfinite dilution, the conductivity of both weak and strong electrolytes 
become almost same and a weak electrolyte behaves as a strong 
electrolyte. 


e The equivalent and molar conductivity of a solution increases with 
dilution, whereas the specific conductivity decreases with dilution, as 
the number of ions per unit volume decreases. 


e¢ The equivalent and molar conductance increases with dilution, because 
these are the product of specific conductance and volume of solution 
containing 1 equivalent and 1 mole of electrolyte respectively. 


¢ The equivalent and molar conductivities at infinite dilution are denoted 
by A” and u” respectively. 


The variation of molar conductances for strong electrolyte with concentration is given by 
Debye-Huckel-Onsager equation which is, 
w=” —bvC 
where, b =constant, 
C =concentration, 
uw.” = molar conductance at infinite dilution 
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¢ The value of b for a given solvent and temperature 
depends upon the nature of electrolyte (charge on cation 
and anion produced after dissociation). All electrolyte of a 
particular type have same value of b. 

Strong electrolyte 


=— > 53 


Weak electrolyte 


Conc. 


e It is clear from the graph that for a strong electrolyte, 
extrapolation of curve at C=0 gives uw” for strong 
electrolytes. However, such an extrapolation can't be 
made for weak electrolytes. 


¢ The limiting value of molar conductivity for either strong 
or weak electrolytes can be obtained by extrapolating the 
respective curves to C = 0. This limiting value of molar 
conductivity is known as molar conductivity at infinite 

dilution (A”). 
> MP=A (when C — 0) 


Kohirausch's Law of Independent 
Migration of lon 


According to this law, “the molar conductivity at infinite 
dilution A‘, of the electrolyte must be equal to the sum of the 
molar conductivities of the ions produced by the electrolyte 
at infinite dilution.” 

Nn (ag) =A A + A 
where, A”a* and A“s- are the ionic /molar conductivities of 
cation, A* and anion, B’ respectively. 


Applications of Kohlrausch’s Law 


(i) With the help of this law, now it is possible to determine 
the molar conductivity of weak electrolytes at infinite 
dilution. e.g. the limiting conductance forCH,COOH, is 
given by 


HCH, coon, = WicH, coo”) + Mer) 
(ii) For calculating degree of dissociation (a) of weak 
Cc 
electrolyte the formula used is a = al 


where, 1° = molar conductance at any concentration 
uw” =molar conductance at infinite dilution 
(iii) To determine the ionisation constant of a weak 
electrolyte. 
(iv) For calculating the solubility of a sparingly soluble 


salt with the help of the following formula 


K x1000 
eg ~- 
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Transport Number 


e It is defined as the fraction of the current carried by an ion. 
Current carried by an ion 


Total current carried 
e Transport number of cation + transport number anion = 1 


e Transport number = 


Effect of Temperature on Conductivity 


The conductance of an electrolytic solution increases 
with increase in temperature, because the kinetic 
energy of ions increases resulting to increase in the 
movement of ions. 
For a small increase in temperature, the temperature 
dependence of molar conductivity is given by 
Mr =Hys [1 + Bt — 20)] 

where, {=constant, 
uu, = molar conductivity at T° 
H.; =molar conductivity at 25°C. 
Molar conductivity of a dilute solution increases by 
around 2% per degree increase in temperature. 


Electrochemical Cells 


These are the devices in which interconversion of 
electrical energy and chemical energy takes place. 


Electrochemical cells are of two basic types and their 
comparison is as follows: 


Comparison of Electrolytic and Galvanic Cells 


Electrolytic cell Galvanic cell (Voltaic cell) 


Electrical energy is converted into 
chemical energy. 


Chemical energy is 
converted into electrical 
energy. 


Non-spontaneous redox reaction 
occurs. 


Spontaneous redox 
reaction takes place. 


Anode is positive electrode and 
cathode is negative electrode. 


Anode is negative 
electrode and cathode is 
positive electrode. 


lons are discharged at both the 
electrodes. 


lons are discharged only 
on the cathode. 


Concentration of the 
anodic half-cell increase 
while that of cathodic 
half-cell decreases when 
the two electrodes are 
joined by a wire. 


If the electrodes are inert, 
concentration of the electrolyte 
decreases when the electriic 
current is circulated. 


Electrode reactions occur 
in separate half-cells. 


Both electrodes are dipped into 
same electrolytic solution. 


No salt bridge needed. Salt bridge is an essential 


requirement. 
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Electrolytic cell Galvanic cell (Voltaic cell) 


Working of an electrolytic cell can Working of a galvanic cell can be shown 


be shown as as 
Cathode (Eaten) Anode Cathode Eee = flow Anode 
-) \ 7 (+) (+) Salt bridge -) 


ioe: 
Ka) 


Molten NaCl 


No; H 


Electrolysis of molten NaCl 


Reduction half-cell Oxidation half-cell 


Na* +Cl’—> Na (s)+~_ Cl,(g) 
2Ag* (aq) + Cu——->Cu’*(aq) + 2Agq(s) 


Representation of an Electrochemical Cell 


The following universally accepted conventions are followed for 

representing an electrochemical cell : 

(i) The cell representation contains anodic half on the left 
hand side and cathodic half on the right hand side. 

(ii) The anodic side of the cell is represented by writing metal or 
solid phase first and then the electrolyte (infact cation of 
electrolyte). 

(iii) On the other hand, the cathodic side is represented by writing 
the electrolyte first (anion) and then the metal or solid phase. 

(iv) Metal and cation are separated by a semicolon (;) or by a vertical 
line (|). 

(v) The concentration of electrolyte is also written within brackets 
after the cation. 

(vi) The salt bridge which separates the two half-cells is indicated by 
two parallel vertical lines (||). 

Thus, a complete cell can be represented as 


Zn |ZnSO, || CuSO, |Cu 
Anode Salt 
bridge 
2+ 2+ 
or, Zn |Zn* || Cu’*|Cu 
Oxidation Reduction 
half cell half -cell 


or, Zn | Zn’*(1M) || Cu’*(1M) | Cu 


Electrode Potential 


When a metal is placed in a solution of its ions, the metal atom either 
gets oxidised (by the loss of e”) or reduced (by the gain of e”) with 
respect to the solution. On account of this, a definite potential 
difference is developed between the metal and the solution. 


This potential difference is called electrode potential. Thus, electrode 
potential is the measure of the tendency of an electrolyte to gain or 
lose electrons in a half-cell. 
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Oxidation Potential 

The tendency of an electrode to lose electrons 
or to get oxidised is called its oxidation 
potential, 

e.g. M(s) = = M"* (aq) + ne7 

Such an electrode is negatively charged with 
respect to its salt solution. 


Reduction Potential 


The tendency of an electrode to gain 
electrons, i.e. to get reduced is known as 
reduction potential. 

eg. M**(aq)+ ne == M(s) 
Such an electrode is positively charged with 
respect to its salt solution. 


Thus, E =-E 


oxidation reduction 


The electrode potential depends upon: 
(i) nature of metal and its ions 

(ii) concentration of ions in the solution 
(iii) temperature 


Standard Electrode Potential 


The potential difference developed between 
metal electrodes and the solution of its ions of 
unit molarity at 1 atm and 25°C is called 
standard electrode potential. 


If a reaction is reversed,then the magnitude of 
standard electrode potential remain same, but 
the sign changes, e.g. 


Standard oxidation potential 
=— (standard reduction potential) 


Different Types of Electrodes 


Some important reference electrodes are as 
follows: 


Normal Hydrogen Electrode (NHE) 


Hydrogen electrode is the primary reference 
electrode and it is used normally to know the 
electrode potential of a half-cell of galvanic 
cell. 

The reason for such a usage is that it can act 
as a cathode as well as an anode with respect 
to other electrode, due to the following 
reactions. 


H, (g) —> 2H* + 2e7; 2H* £5 H, 


The electrode potential of NHE is taken 
as zero. It is represented as 
Pt| H,(atm) |H* (1M). 


Standard Hydrogen Electrode (SHE) 


A hydrogen electrode in which the pressure of H, gas is 
maintained at 1 atm and concentration of H* ions in the 
solution is 1M, is called standard hydrogen electrode 
(SHE). 


The emf for SHE is taken as 0.00V at all temperatures. 
Electrochemical Series 


It is a series of chemical elements arranged in the order of 
their standard electrode potential. The standard reduction 
reduction potential of different ions with reference to SHE 
are given below 


Standard Electrode Potentials at 25° C “The 
Electrochemical Series” 


Element Electrode reaction Standard electrode 
(reduction) reduction potential E° 
Li Lit +e7 — Li -3.05 
K KT +e — K —2.925 
Na Na* +e —> Na 7 2.714 
Mg z Mg? +e° —> Mg 5 g —2.37 
® 5 
Al S| ® Al’ +3e7—> A 2| 85 -1.66 
re) D = Oo 
Zn 3 S| 5 Zn*+2e-—> Zn $ | g8 -0.7628 
= io) zo} 
Fe 56 Fe** + 2e° —> Fe > |S Z -0.44 
Kole) 2 | 2S 
Ni SS) BS N*M+2e7 SN § | FS -0.25 
i. 
Sn BS] B Sn* +2e°—> Sn 5 | 8S -014 
H oo| # 2H +2e > H, @ | oe -0.00 
fay i — £E 
Cu 48} 2 ci +2e°-— Cu 3 | B38 40.337 
OO] & © oo 
Ag 22) 2 Ag' +e — Ag 2 }]2e  +0.799 
Hg = Hg** +2e7 —> Hg +0.885 
Br, Br, + 2e° —> 2Br- +1.08 
Gly Ce aie" Scr +1.36 
Au M Au® + 3e7 —> Au +1.50 
F, Fy +2e7 —> 2l +2.87 


Characteristics of Electrochemical Series 


(i) 


(ii) 


Electrodes with negative SRP, when joined to SHE, 
behave as anode. Electrodes with positive SRP behave 
as cathode when joined to SHE. 

Elements which are better reducing agent than 
hydrogen are placed above hydrogen (they have 
negative value of SRP). Elements which are better 
oxidising agent than hydrogen are placed below 
hydrogen (they have positive value of SRP) in 
electrochemical series. 


(iii) Elements which get oxidised easily are good reducing 


agents and elements which get reduced easily are good 
oxidising agents. 
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Applications of Electrochemical 
Series 


(i) Metal with lower SRP value displace metal with 
higher SRP from their solutions. Hence, reactivity 
of metals decrease from top to bottom in 
electrochemical series. 

(ii) Elements above hydrogen displace hydrogen in any 
protic solution, whereas elements below hydrogen 
are unable to displace. 

(iii) Thermal stability of metallic oxides decrease down 
the series due to decrease in electropositive 
character. 

(iv) To prevent corrosion Less reactive metals are 

coated over more reactive metal to prevent 

corrosion. 

In the extracton of metal Less electropositive 

metals are displaced from their ores by adding salts 

of more electropositive metal. 


EMF of a Galvanic Cell 


The galvanic cell is made up of two half-cells (anode and 
cathode). The potential of these half-cells are always 
different. On account of this difference in electrode 
potentials, the electric current moves from the electrode 
at higher potential to the electrode at lower potential, 
i.e. from cathode to anode. The direction of the flow of 
electrons is from anode to cathode. 


Flow of 
electrons 


Anode =~ Cathode 


Flow of 
current 


(v) 


The difference in potentials of the two half-cells is 
known as the electromotive force (emf) of the cell or cell 
potential. 


Measurement of EMF 


The emf of the cell or cell potential can be measured 
from the values of electrode potentials of the two 
half-cells constituting the cell. 
The following three methods are in use: 
(i) E = oxidation potential of anode 
+ reduction potential of cathode 
= Bg + Ered 
(ii) E°., =standard reduction potential of cathode 
— standard reduction potential of anode 
= Eanes ~ B snnde. 2 ~ Ee 
| = oxidation potential of anode 
— oxidation potential of cathode 


(anode) — E°%,, (cathode) 


° 
cell 


° 
right 


(iii) E 


° 
cel 


= F° 


oxi 
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Trick to Find the Feasibility of a Redox Reaction 
Step 1 Write down the oxidation and reduction half-cell reactions 
separately indicating standard oxidation and reduction potential 


values. 
Step 2 Calculate E° ., value as E°.,. = Eat eee 
Step 3 Now calculate F.,, value by applying Nernst equation as 


0.0591 [Product] 


E I ES iH 
s = n [Reactant] 
Step 4 If, E.,, >0, the reaction is feasible (spontaneous) 


If E,,,, <0, the reaction is not feasible. 


Nernst Equation 


It establishes a relationship between electrode potential 
and concentration of solution. For a general oxidation 
half-cell reaction, M(s) —> M™* (aq) + ne™ 

Nernst equation, is 


e 0.0591 + 
Thus, Egy = Fo — 10949 [Moy | 
where, E£,,; is the oxidation potential of the 


electrode (anode), E.,, is the standard oxidation 


potential of the electrode. 
e For a general reduction half-cell reaction 
M"™ (aq) + ne’ > M(s) 


0591 1 
Nernst equation is E,., = E°,.4 oe log — 
n [Mica 


e For a general redox reaction inside a cell, Nernst 
equation is given as 
0.0591, [Product] 
[Reactant] 


E Boa + Era = E. 


cell = Foxi cell 


where, E.., and E.,, are emf and standard emf of the 
cell. 


e The concentration of pure solids and liquids are taken 
as unity. 


Nernst Equation for Concentration Cells 


The cell in which both the electrodes are of the same type 
but the electrolytic solution have different concentration, 
are called concentration cells. 
(a) When electrode is reversible with respect to cation 
eg. Zn|Zn?* C,)||Zn’* C,)|Zn 
_ 0.0591 ig Cc, 
cell Cc 


Thus, for this reaction to be spontaneous, C, >C,. 


E 


(b) When electrode is reversible with respect to anion 
Pt(CL,)|Cl (C,) || Cl (C,)| Pt(CL) 


1 atm 1 atm 
0.0591, C, 
cell = log aa 
1 c 
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For such cases, cell reaction is spontaneous in 
forward reaction, ifC, >C,. 

(c) When electrodes at different concentration are 
dipped into same electrolytes 
Pt (H,)|HC1| Pt(H,) 
at P, M_ at p, 


R= 0.0591 iggy Pr 
2 Py 


cell 
The cell reaction is spontaneous in forward 
direction, if p, > p,. 


Applications of the Nernst 
Equation 
(i) Determination of solubility products The 
concentrations of ions in equilibrium with a sparingly 


soluble salt are sufficiently low and the Nernst 
equation can be used to determine the value of K,,. 


(ii) Potentiometric titrations In many situations, 
accurate determination of an ion concentration by 
direct measurement of a cell potential is impossible 
due to the presence of other ions and a lack of 
information about activity coefficients. 

In such cases, it is often possible to determine the ion 
indirectly by titration with some other ion by the help 
of Nernst equation. 

(iii) Measurement of pH A hydrogen electrode allows a 
direct measurement of [H*] and thus of (log H’) 
which is the — pH and is given by 

Een ~~ E 


° 
p = reference 


0.0591 


Trick to Solve Problems Related to Nernst Equation 


(i) When Ee is given and it is asked to find equilibrium constant (K,), 
> —_—0.0591 
log K 


cell — A o 


then apply the formula & 


[.- E,,, =O at equilibrium] 
(ii) When asked to find solubility product, then apply the formulae 
Ee a [eK, =Ky] 


cell 


(iii) To find pH value in a redox reaction, calculate [H*] from Nernst 
equation and then apply the formula pH =—log|H*] 
(iv) When the electrodes are in gaseous state, the cell potential can be 
calculated from partial pressure of gaseous electrodes as 
a 0.0591 ing Py 
n P, 


¢ Maximum work done (W,,,,.) by a cell 
W =qxV=NFE oi) Way =NFE.y, AG =—NnFE Qo, 


cell! 


[work done in equal to decrease in Gibbs energy] 
or AG° =—nFE° 


cell 
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Various reference half-cell reactions showing Nernst equation 


Type Example Half-cell reaction Q= Ravens Cie 
Gas-ion half-cell Pt(H,) |H* (aq) 1H) H* (aq) + e> H* ] H* ion E° — 0.0591 log[H* ] 
2 
Pt(Cl,)|Cl (aq) Cl (aq) —> >Cla(g) +e on) Cl ion E°+ 0.0591log[CI ] 
Metal-metal ion Ag| Ag* (aq) Ag(s) ——> Ag* (aq) + e7 Ag*] Ag? ion E° — 0.0591 log[Ag* ] 
half-cell 
Metal-insoluble salt Ag, AgCl|Cl (aq) Ag(s) + Cl (aq) ——> AgCl(s) + e7 1 CI ion E° + 0.0591 log[Cl” ] 
anion half-cell Cl"] 
Calomel electrode Hg, Hg.Cl,|Cl-(aq) 2Hg(/) + 2Cl (aq) —> 1 CI ion E° + 0.0591 log[Cl”] 
Hg,Cl,(s) + 2e7 Crier 
Metal-metal oxide Hg, HgO| OH (aq) Hg(!) + 20H (aq) —> 1 OH™ ion E° + 0,0591log[OH* } 
hydroxide half-cell HgO(s) + H,O(/) + 2e7 OH" }? 

: ‘ 4 : a+ 3+ 2+ 3+ - 3+ 2+ 3+ 3+ 
Oxidation-reduction Pt|Fe Fe Fe“ (aq) —~> Fe™* (aq) +e Fe**] Fe ,Fe E° — 0.05911log [Fe~* ] 
half-cell Fe**] ion [Fe?* ] 
Mercury-mercury Hg, SO (aq) + Hg(/) —> ! SO; i EE) og[SO2" ] 
sulphate half-cell HgSO,|SO%" (aq) HgSO,(s) + 2e7 SOz J 2 : 

OH 10) 
| | 
Quinhydrone half-cell Pt| Quinhydrone | C) —>|| || +2H* + 26° [HP Ht E° — 0,0591log[H* ] 
H" (aq) 1 
H O 


In case of electrolysis AG is positive i.e. 
electrical work is done on the system. 

In case of a galvanic cell, AG is negative i.e. 
electrical work is done by the system. 
Temperature coefficient of emf of a cell reaction 
can be determined from Gibbs—Helmholtz 
equation as 


(Ean) = 
aT ), 


Enthalpy change, AH =—nF| E,., — i ) 
aT /, 


AH & E 
nFT T 


Entropy change, AS = nF [=| 
aT /, 
Relation between AG and K;, 
AG = AG° + 2.303RT logQ 
At equilibrium, AG =0 and K.=Q 
. AG° =—2.303RT log Ke. 


Relationship between Standard Potentials of Hali-cells 


Containing a Metal in Different Oxidation State. 

* If two half-reactions having potentials E? and E; are combined 
to form a third half-reaction having a potential E}, then we can 
write 

AG®, = AG°, + AG®, 


or n,FE3 =-—n,FE° —n,FE$ 
or, n, EA =n, EY +n, £3 
or pets +n, E> 


Scientists Produce New Type of Ice 


: Water is one of the relatively few compounds in which the solid is less dense 

; than the liquid. That, of course, is why ice floats in your glass. Further, it is also 

‘ true that all ice so created is not equal. Researchers unveiled a new solid phase 
: Of ice which is the lowest density version of ice known so far. This will be 

‘ called ice XVI (the 17th solid phase of ice known to date). It has a cage like 

: structure that can trap other molecules. Such ice cages (known as clathrates) are 
‘ known as to store enormous quantities of methane on the deep ocean floor. This 
‘ new form of ice may help researchers to understand clathrates in a better way 

: which in turn perhaps ease the flow of oil and gas through pipelines at low 

‘ temperatures. 
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Calculating Membrane 
Potential of Neuron from 
Nernst Equation 


Nerve cells in our body transmit nerve signal 
by controlling the concentration of Na*, K* 
and Cl ions inside and outside the cell. 

e lonchannels, a pore forming membrane 
protein control ion concentration by 

allowing specific ions across the cell 

membrane. 

e When a nerve cell is at rest, Na*and Cl” 

ions cannot pass across the axon 

membrane of neuron, but K* ions 
continuously flow outside across the 
membrane decreasing the positive ion 
concentration inside neuron. This creates 

a negative potential across axon 

membrane. 

e K* concentration inside a human nerve 
cell is around 150 mmol L” and that of 
outside the cell is 5 mmolL-. 

e The membrane potential at normal body 
temperature (310 K) can be calculated 


from Nernst equation as 
— 2.303AT, [K*] 


AE, lo 
nF ? [K*] inside 


_ 2.303 x 8.314 x 310 ag 5x10" 
1x 96485 150 x 10°° 
= —0.09 V or —90 mV 


Blocked ion flow lon flow 


outside 


Cell 


Channel Channel membrane 
closed open 


Cell or Battery 


A cell or a battery (arrangement of one or 
more cells connected in series) is 
basically a galvanic cell where the 
chemical energy of redox reaction is 
converted into electrical energy. 


Following are the various voltaic 
cells : 


Primary Voltaic Cell (The Dry Cell) 


The primary voltaic cells are those in which the cell reaction occurs only 
once and the cell becomes dead after use over a period of time and cannot be 
reused again. e.g. dry cells like Leclanche cell, mercury cell etc. 
(i) Leclanche cell The electrode reaction for Leclanche cell is 
At anode Zn (s) —> Zn?* + 2e7 
At cathode MnO, + NH; + e —> MnO(OH)+ NH, 
Ammonia (NH,) formed in reaction at cathode combines with Zn’* to 
form the complex like [Zn(NH,), ’*. The cell has a potential of nearly 
1.5V. 
(ii) Mercury cell It shows the following electrode reactions 
At anode Zn (Hg) + 20H ——> ZnO (s) + H,O + 2e7 
At cathode HgO (s)+ H,O + 2e7 >» Hg (1) + 20H™ 
The overall reaction is Zn(Hg) + HgO(s) —> ZnO(s) + Hg(I ) 
The potential of this cell is approximately 1.35 V and it remains constant 
during its life because overall reaction does not involve any ion whose 
concentration can change during the process. 


Secondary Voltaic Cell 


The cell in which original reactants are regenerated by passing direct 
current from external source (recharged), is called secondary cell. 

(i) Lead accumulator (lead storage battery) The most important secondary 
voltaic cell is lead storage battery, commonly used in automobiles and 
invertors. 

A 38% solution of H,SO, is used as electrolyte. 
The reaction taking place during discharging [When cell is in use] is 
Pb (s) + PbO, + 2H,SO, (aq) ——> 2 PbSO, (s) + 2H,OC()) 
Reversse reaction occurs when cell is charged 
E,o, is 2.041 V. 


cl 


(ii) Nickel cadmium battery Another important secondary battery is Ni-Cd 
battery with longer life but more expensive. The overall reaction during 
discharge is 

Cd(s) + 2Ni(OH), (s) ——> CdO (s)+ 2Ni(OH), (s) + H,O@ 
The reverse reaction occurs when cell is charged. 


Fuel Cells 


Galvanic cells which use energy of combustion of fuels like 
H,, CH,, CH,OH etc., as the source to produce electrical energy are called 
fuel cells. One of the most successful fuel cells use the energy of reaction of 
H, and O, in gaseous state to form water. 


The electrode reactions for the cell are : 
At anode 2H, (g)+ 40H (aq) —> 4H,O()) + 4e° 
At cathode O,(g)+ 2H,O(1)+ 4e° —> 40H (aq) 
The overall reaction is 2H,(g)+ O,(g) —> 2H,O()) 
This type of cell run continuously as long as the fuels are supplied and 


produce electricity up to 70% efficiency. The advantage of fuel cells over 
batteries is that these are pollution free and highly efficient. 
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Lithium-ion Batteries 


These are rechargeable batteries undergoing many 
charge-discharge cycles. They are used in mobile phones, 
laptops, cameras, etc. 


e The anode is Li in graphitic carbon and cathode is Li in 


Co0,. 


e The electrode reactions are 


At anode Li,C, (s) — xLi” + 6C+ xe~ 
Atcathode xi + Co0,(s)+ xe" —Li,CoD,(s) 


The cell representation is 
Li |C|| polymer gel ||CoO, and polymer. 


Some Other Fuel Cells 


1. 


Phosphoric acid fuel cell Liquid H,PO, is 
used as an electrolyte. This is the first fuel cell 
to be commercialised. 


Anode reaction 2H, ——> 4H* +4e 
Cathode reaction 
O,(g) + 4H* + 4e° —~> 2H,O 


. Alkaline fuel cell It is one of the most 


efficient fuel cell, used by NASA since mid 
1960s to propagate launching vetricles. 
Anode reaction 
2H, +40H —>4H,0+4e 
Cathode reaction 
O, + 2H,O +4e7 >4OH- 


. Molten carbonate fuel cell This can operate 


at extreme high temperature of 600°C and 
above. It is generally used for industrial 
purpose. 


Anode reaction 
H, + CO? == H,O+CO, + 2e 
Cathode reaction 


CO, + 50; +2e° == COZ" 


. Direct methanol fuel cell Methanol is used as 


fuel. 
Anode reaction 
CH,OH + H,O == 6H" + 6e” + CO, 
Cathode reaction 


50; +6H* +6e = 3H,O 
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Corrosion 


It is the oxidative deterioration of metal surface with the action of 
its environment to form unwanted corrosion products like oxides, 
sulphides, carbonates, suphates. 

It usually affects metallic substances and typically produce 
oxide(s) or salt(s) of metal, e.g. conversion of iron to rust 
[Fe,O, -xH,O], the tarnishing of silver (due to the formation of 
Ag,O), development of a green coating on copper and bronze. 


Corrosion of iron or rusting involves the following reactions: 


Oxidation half-cell 2Fe(s) ——> 2Fe’* +4e°,E-,. —0.44V 


Fe*/Fe — 
Reduction half-cell 
O, (9) + 4H" (aq) +4e ——> 2H,O()); E°=1.23V 
Overall reaction 
2Fe(s) + O, (g) + 4H* (aq) —> 2Fe”* (aq) + 2H,O()), 
Ee, =1.67 V 


Ferrous ions, Fe’* undergo oxidation with O, to form rust 
[Fe,O, -xH,O]. 


1 H,O 
2Fe’* +2H,O+—O, —> Fe,O,+4H* —*> Fe,O,-x H,O 
2 (Rust) 
Hydrated ferric oxide 


Prevention of Rusting 


The followings are the most effective way of preventing rusting: 

(a) Galvanisation In galvanisation, a thin film of Zn is coated over iron, 
where Zn forms a protective oxide layer. Even if the zinc coating breaks 
down and iron is exposed to air, Zn reduces Fe** back to Fe(s), as 
reduction potential of Fe is more than that of Zn. 

(b) Cathodic protection Here, the equipment made of Fe is attached to a 
more easily oxidisable metal like Mg. Here, Mg acts as a sacrificial anode, 
as it reacts in preference to iron. The Mg rod should be replaced 
periodically 


Iron storage tank 


Mg(s) —> Mg** (aq) + 2e7 Oxidation 
O,(g)+ 2H,O(/)+ 4e° —+> 40H (aq) Reduction 


Temporary Tattoo Measures Blood Glucose Levels 


: Future diabetes patients won't have to stick themselves with a needle rather they will just need to get a tattoo. Researchers have developed a 


‘ temporary paper based tattoo that applies a mild electric shock to measure blood glucose levels. The glucose sensor used in tattoo is the first 
: example of easy to wear epidermal diagnostic device combining reverse iontophoretic extraction of interstitial glucose and an enzyme based 

‘ amperometric biosensor. 
' The sensor will be very helpful in detecting the changes in the blood glucose levels before and after the meal through the cumulative action of 


: reverse iontophoresis and enzymes. Reverse iontophoresis is a physical process in which ions flow diffusively in a medium driven by applied 
: electric field. 
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p-Block Elements 


Group 15 Elements 
(Nitrogen Family) 


N(7), P(15), As(33), Sb(51), Bi(83) belong to this family 

with general valence electron configuration of ns” np’. 

e Physical properties follow a regular trend down the 
group except melting and boiling point. Melting 
point increases upto As and then decreases down the 
group. Boiling point increases upto Sb and then 
decreases from Sb to Bi. 

¢ N and P are non-metals, As and Sb are metalloids, 
whereas Bi is a metal. 


e All elements show the property of catenation with 
P-atom having maximum tendency to catenate. 


¢ All elements show allotropy except Bismuth. 


At atmospheric pressure, N, liquefies at 77 K and freezes at 63 
K into hexagonal close packed (HCP) crystal allotropic form 
called B-nitrogen. This allotropic form exist upto 35.4 K and 
below this temperature it assumes cubic crystal allotropic form 
called o-nitrogen. Liquid nitrogen is a fluid resembling water in 
appearance but with a density of 0.808 gmL“. Liquid nitrogen is 
a common cryogen and used as refrigerant, in cryopreservation, 
in cryotherapy etc. 


Chemical Properties 
(i) Oxidation State 


They show common oxidation state of —-3, +3 and +5. 
The stability of -3 and +5 oxidation state decrease down 
the group and that of +3 oxidation state increases down 
the group due to inert pair effect. N does not show 
+5 oxidation state due to the absence of vacant d-orbital 
and Bi does not show —3 oxidation state due to metallic 
character. 


(ii) Reaction with Hydrogen 


All elements form hydrides of MH, type. The order of 
different properties of hydrides are given below. 


NH, > PH, > AsH, > SbH, > BiH, 


(order of bond angle, bond dissociation energy, basic 
character, stability). 


BiH, > SbH, > AsH, > PH, > NH, 


(order of acidic character, M—-H bond distance, 
reducing character, enthalpy of formation) 


PH, < AsH, < NH, < SbH, < BiH, 


(order of boiling point) 
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The high boiling points of BiH, and SbH, is due to higher 
van der Waals forces of attraction which compansates 
thehigh boiling point of NH, due to H-bonding. 


(iii) Reaction with Oxygen 
They form oxides of type M,O, and M,O,, with N forming 
oxides with oxidation state from +1 to +5. 


Acidic character of oxides decrease down the group. 
N,O,; > P,O3; > As,O3 > Sb,O; > Bi,O; 


Acidic Amphoteric Basic 


Oxides with higher oxidation state are more acidic than the 
oxides with lower oxidation state, for same element. 


(As electron egativity electron from F to I) 


(iv) Reaction with Halogens 
They form halides of type MX, and MX,. 
MxX, is more covalent than the corresponding MX;,. 
NX, > PX; > AsX, > SbX3 > BiX, 
(order of covalent character) 
NI, > NBr, > NCI, > NF, (order of basic character) 


(as electronegativity decreases from F to I) 


(v) Formation of Oxyacids 


All elements except Bi forms oxyacids. Structure of some 
important oxyacids are given below. 


OH H O 
NSNZ Sn—nZ UN 
HO HO HO O 
HaN2O. HNO, 
(Hyponitrous acid) (Nitrous acid) 
ii i 
ZNY ZN ZN 
er OS o” “o—oH 0% ‘O—OH 
HNO3 (Pernitrous acid) (Pernitric acid) 
(Nitric acid) 
I H20 I 2 molecule t 0. I 
ZN x —H20 
oH “oO of Sox Ho” NoHo” oH 
Metaphosphoric acid Orthophosphoric acid Diphosphoric or Pyrophosphoric acid 
HPO3 (+5) H3PO,(+5) H4P207(+5) 
Monobasic Tribasic Tetrabasic 
[ro fo 
1 O O 
in ol 
O—OH vA \ 
os ie HO Nou Ho” OH 
Peroxomonophosphoric acid Hypophosphoric acid 
H3PO.(+7) H4P20¢(+4) 
Dibasic Tetrabasic 


I =e) I H 2 molecules 
Nee —H20 
HW | Nou a Nou 
H 


Hypophosphorous Orthophosphorous acid 


or Phosphinic acid H3PO3(+3) 
H3PO2(+1) 
Monobasic Dibasic 
[ 
ae 
H” Non Ho” SH 
Pyrophosphorous acid 
H4P205(+5) 
Dibasic 
On, - On p79 
a Ss 
HO OH O fe) @) 
fo ot 
07 “OH OH OH OH 
Cyclotrimetaphosphoric acid — Linear Polymetaphosphoric acid 
(HPOs)s (HPO), 


Anomalous behaviour of nitrogen Due to small 


size, 


high electronegativity, high ionisation 


energy and absence of d-orbitals in its valence 
shell it shows some anomalous properties. 


It forms pa-pz multiple bonds, where as the 
heavier elements of this group do not form 
pm-px multiple due to larger size of atomic 
orbitals. 

Hence, nitrogen exist as diatomic forming 
triple bond, where as others form single bond. 
Nitrogen doesn't form pa-dx bond, (due to 
absence of d-orbitals) whereas heavier metals 
form this type of bond. 


Dinitrogen (N,) It is prepared from the following 
reactions: 


Heat 


(NH,), C0, 25 N, + 4H,O + CEO, 


Ba(N3), Ry: ee 3N, (Pure form) 


It is inert at room temperature, but reactivity 
increases as temperature increase. 
Phosphorus It exists as phosphates in rock, 
soil, phospho-proteins, etc. 


Some important ores of phosphorus are : 


Phosphorite Ca,(PO,),, apatite 3Ca, 
(PO,), -CaF,, chlorapatite 3Ca, (PO,),CaCl,. 
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¢ It exist in many allotropic forms, out of which white, red and 
black phosphorus are important. 


White phosphorus Red phosphorus 


t is a white waxy solid. t possesses iron grey lustre. 
tis poisonous. t is non-poisonous. 
nsoluble in water, but soluble 
inCSp. 


t glows in dark. 


tis insoluble both in water and CSp. 


t doesn’t glow in dark. 


tis more reactive and readily 
catches fire in air. 


tis less reactive than white phosphorus. 


ts structure is 


ay ay ay 
Ba acta al al 


ts structure is 


Black phosphorus exist as a and (-black phosphorus. Red 
phosphorus, when heated at 803 K converts to a-black 
phosphorus. White phosphorus, when heated at 473 K under high 
pressure of 4000-12000 atm converts to B-black phosphorus. 


Some Important Compounds of 


Nitrogen Family 
(a) Ammonia (NH,) Industrially NH, is prepared by Haber's 
process from N, and H,. It is highly soluble in water due to 
H-bonding and the solution is basic due to the formation of 
OH ions. 
NH; (g) + H,O() = NH, OH (aq)== NH; (aq) + OH (aq) 
Some of important reactions of ammonia are: 
8NH, + 3Cl, —> N, + 6NH,Cl 


Excess 


NH, + 3Cl,—> NCI, + 3HCl 


Excess Explosive 
ZnSO, (aq) + 2NH,OH(aq) —> 
Zn (OH), (s) + + (NH,), SO, (aq) 


White ppt. 


FeCl, (aq) + NH,OH (aq) ——> Fe,O, -xH,O(s) Y+ NH, Cl(aq) 


Brown ppt. 


It is used in the detection of metal ions such as Cu” *and Ag”. 
Cu’* (aq) + 4NH; (aq) == [Cu(NH,),}”* (aq) 


Blue Deep blue 
Ag* (aq) + Cl (aq) —> AgCl(s) 
Colourless White ppt. 


AgCl(s) + 2NH; (ag) —> [Ag(NH,), ]* (aq) + Cl (aq) 
Colourless 
NH, gives yellow-brown coloured precipitate with Nessler's 


reagent (i.e. alk. K,HgI,) 
2K,Hgl, + 3KOH+ NH; — 


Nessler's reagent 


H,NHgOHgl_ +7KI+2H,O 


eS ee 
Iodide of millons base 
yellow ppt. 
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(b) Oxides of nitrogen It exists as two resonance structure. 


Details about all oxides are given below. 


Name of Method of preparation Bond parameters 
oxide 
1. Dinitrogen NH,NO, 4 N,O N—N—O 
oxide 113pm 119pm 
Nitrous + HO Linear-diamagnetic 
oxide) 
N,O (+1) 
2. Nitrogen 3Cu + BHNO,—> N—O 
monoxide, 3Cu(NO,), + 2NO 115 pm 
NO (+2) Linear-paramagnetic 
Nitric oxide) aie? 
3. Dinitrogen ig 4 NO, OK SN ‘on ON 405° 
rioxide, N,O : . Ee 
+3) “Op 186 pn Z. 
117° “a 
Planar- diamagnetic 
4. Nitrogen 673 K N 
dice ee ja 
NO,( +4) 4NO, + 2PbO + O, O re) 
Angular paramagnetic 
5. Dinitrogen oNO,—— N.O ‘SS 
tetraoxide, Bian Baas O 0 
N,O,(+4) 135(SN—N 
175 pm No 
O 
Planar-diamagnetic 
6. Dinitrogen 4HNO3 + P,O,>—> cs 
pentoxide, 4H,PO, + 2N,0; 
NOs (+5) » exe nice 


9,0 
Planar-diamagnetic 


Note NO, being an odde™ species exists as a dimer, N,O, . 


(c) Nitric acid (HNO,) It is a strong acid and exist as planar 


molecule in gaseous Its 


structure is as follows: 


phase. 


It is a strong oxidising agent and 
reacts with most metals except noble 
gases by forming different products at 
different concentration. 

4Fe + 10HNO, —> 4Fe(NO,), + NH,NO, + 3H, 
(Very dilute) 
4Fe + 1OHNO, —> 4Fe(NO,), + N,O + 5H,O 


(Dilute) 


Fe+ 6HNO, 


(Cold and conc.) 


Fe+ 4HNO, —> Fe(NO,); +2H,O +NO 


(Hot and conc.) 


3Cu+ 8HNO, 


(Cold and conc.) 


Cu + 4HNO, —> Cu(NO,), +2NO, + 2H,O 


(conc. ) 


140.6 pm 


——» Fe(NO,),; + NO, +3H,O 
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& 
ar 
O N <j 30° 


O 


—> 3Cu(NO,), + 2NO + 4H,O 


(d) Phosphine (PH,) It is a colourless, poisonous and 

highly reactive gas with rotten fish smell. 

It is a better reducing agent and more acidic than 

NH. 

NH, + PH, —> NH;PH, 
Base Acid 

It is inflammable in pure form, but when it comes 
in contact with air, it undergoes combustion and 
rings of white smoke are formed due to the 
presence of impurities like P,H, or P, vapours. 
These rings are called vortex rings or 
philosopher's rings. 
Oxides of phosphorus Oxides of P are P,O, 
(a dimer of P,O,) and P,O,, (a dimer of P,O;) which 
are obtained by treating white P with limited and 
free supply of air respectively. Their structures are 
given below. 


Os 
3 
P P 
Oo / O om Morro 
123 123° 
O O 
P P | (P 
/ | en 67 te S6 
p p 
0 — 160 pm O O—~"}160 pri © 
O 


P,Og contains 


6 P—O—P bonds P,049, contains 6 P—O— P 


bonds and 4 PO bonds 
Chlorides of phosphorus (PCl,,PCl,;) They are 
obtained by passing dry Cl, gas over heated white 
phosphorus. It is also obtained through the following 
reactions. 
P, + 8SOCL, —> 4PCl, + 4SO, + 28,Cl, 
P, +10SO,Cl——> 4PCl, + 10SO, 

« PCl, and PCl, are hydrolysed to form H,PO, and 

H,PO, respectively. 
* PCl, is pyramidal (sp*) in shape, whereas PCl, has 

trigonal bipyramidal structures (sp°d)in gaseous and 

liquid phase. 


¢ In solid state Cl, exist as ionic solid 
[PCL ]*[PCl ,] 


Tetrahedral 


Octahedral 


Group 16 Elements 
(Oxygen Family) 


O(8), S(16), Se (34), Te (52) and Po (84) belong 
to this family with general valence electron 
configuration of ns’?np*. Physical properties 
follow a regular trend down the group except 
electron gain enthalpy. 
= The negative value of electron gain enthalpy increases 
from 0 to S and then decrease regularly down the 
group. This is because, due to small size of O 
interelectronic repulsion is more in comparison to S. 
Hence, the incoming electron feels more repulsion in 0 
than S-atom, releasing less energy in case of O-atom. 
= Oxygen is the most, abundant (46.6%) element on 
Earth's crust. 
= Q and S are non-metal, Se and Te are metalloids, 
whereas Po is a metal and radioactive. 


= All element exhibit allotropy. 


Chemical Properties 


(i) Oxidation state They show common 
oxidation states of —2,+ 2,+ 4, and + 6. The 
stability of -—2 and +6 oxidation state 
decreases down the group, where as the 
stability of +4 oxidation state increases 
down the group due to inert pair effect. 

(ii) Reaction with hydrogen All elements form 
hydrides of type H, M. The order of different 
properties of hydrides are 
H,O>H,S>H,Se>H,Te 
(order of H—M—H bond angle, M—H 
bond dissociation energy, basic character, 
thermal stability) 
H,Te>H,Se>H,S>H,O 
(order of acidic character, M-H bond 
distance) H,S < H,Se< H,Te<H,O 
(order of melting and boiling points, due to 
H-bonding in water). 

(iii) Reaction with oxygen They form oxides of 
type MO, and MO, and in some cases 
MO. 


¢ SeO, in gaseous phase has angular structure, 
but in solid state, it has polymeric structure 
having infinite eee as shown below. 


ges" er 

NB Ngo B07 
\|4.73A i “Go: i 
O fe) O 


Polymeric structure of SeOs in solid state 
SO, >SeO, > TeO, > PoO,, 
SO, >SeO, > TeO,; > PoO, 
(order of acidic character ) 
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= |n gaseous phase, SO, has planar triangular geometry, wheresas in solid state it 
exits as either linear cyclic trimer or a polymeric chain structure as shown below. 


O. 
Os ae SS a O O O 
FAA BY 
of | | So | | | 
0. 6 S—O—S—O—S—O 
se =O 
ONS 
a 
= SeO, in solid state exists as cyclic tetramer (Se,0,,) as shown in the figure 
Q O 
SA 55 A 
oats a 
Q O 
>= 90 se 
Oo / © 
5 123° d 
— 
Se 
No 


The cycle structure of tetrameric Se,Oj. 


(iv) Oxohalides and halides They form oxohalides of type MOX, 
with tetrahedral shape (one position occupied by a lone pair). 
They generally form halides of type MX,, MX, and MX, along 
with some other type of halides like M,X,, M,OX etc. 

The stability of halides decreases in the order 

MF, > MCI, > MBr, > MI, 
All hexafluorides exist as gas with octahedral shape. SF, is a gas, 
SeF, is a liquid and TeF, is a solid. They have sea-saw geometry 
due to the presence of a lone pair. 

(v) Oxyacids These are generally formed by S, Se and Te. Structure 
of oxyacids of S are given below. 


ee aa i. I 
+6 
AN, HO—s—OH se lll 
HO i | SNM \. HO—S—S—OH 
HO O OH +3 

ae acid Sulphuric acid Pyrosulphurus acid Dithionous acid 
-2 
I|+6 +ell lle +l 

re a HO i O i OH HO i O—OH 
O O O O 

Thiosulphuric acid Pyrosulphuric acid Peroxomonosulphuric acid 


or Caro's acid 


sll +6 +l sll | 
HO—S—O—O—S—OH HO—S—O—OH HO—S—O—O—S—OH 


| 
O 


Peroxodisulphuric acid Peroxomonosulphuric Peroxodisulphuric acid 
or Marshall’s acid acid or Caro's acid or Marshall's acid 


Anomalous behaviour of oxygen Oxygen shows anomalous 
behaviour due to small size, high electronegativity and absence of 
d-orbital. It hardly forms oxidation state beyond + 2, whereas others 
forms up to + 6. O, shows paramagnetic behaviour. It form pz-px 
multiple bonds, whereas other form pz-dz bonds. 


Allotropes of sulphur Rhombic sulphur (a-sulphur) and monoclinic 
sulphur (f-sulphur) are some of the most common allotropes of 
sulphur. 
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Rhombic sulphur Monoclinic sulphur 


Contains cyclic S, rings 
arranged in a manner to form 
rhombic crystal. 


Contains cyclic S, rings arranged 
in a manner to form monoclinic 
crystal. 


It is yellow in colour with melting It is a colourless crystal with 
point of 385.8K and specific melting point of 393 K and 
gravity of 2.06. specific gravity of 1.98. 


It is stable at a temperature less 
than or equal to 369K. 


It is stable at a temperature 
greater than or equal to 369 K. 


The cyclic structure of Ss and S, molecules are shown 
below. 


205.7 pm 


S 


Some Important Compounds of 
Oxygen Family 


(a) Ozone It is an allotrope of oxygen and diamagnetic in 
nature. It is highly reactive, exist in stratosphere and 
protects the earth from harmful UV-radiation. It is a 
powerful oxidising agent (second after F,) due to the 
formation of nascent oxygen and reacts much faster 
than oxygen. Remember O, and O; are paramagnetic, 
whereas O, is diamagnetic. Example of compound 
containing O; ion is KO,, (potassium ozonide) which 
is an orange colour solid. 

(b) Hydrogen sulphide (H,S) It is a colourless poisonous 
gas with rotten egg smell. It only acts as a reducing 
agent due to minimum oxidation state (— 2) of S. Some 


of the important chemical reactions are 
2MnO; + 6H* + 5H,S —> 2Mn** +8H,O0 + 5S 
(Green) (Colourless) 


Cr,02> +8H* +3H,S 


(Orange) 


> 2Cr?* + 7H,0 + 38+ 


(Green) 


H,SO, + H,S —> SO, +2H,0+S4 

2HNO, + H,S —> 2NO, +2H,0+S J 
Sulphur dioxide (SO,) and sulphur trioxide (SO,) 
SO, and SO, are anhydrides of H,SO, and H,SO, 
respectively. SO, exist as a-SO;, B-SO, and y-SO3. 
SO, acts as both oxidising and reducing agent, 
whereas SO, only acts as oxidising agent. Some of the 
important chemical reactions are : 


2MnO,; + 5SO, + 2H,O —> 5SO?2~ + 2Mn** + 4H* 


(Colourless) 


(Green) 
Cr,027 + 3SO, + 2H* —> 38027 + 2Cr’*+H,O 
(Orange) (Green) 
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H,SO, +SO,—> H,S,0, 
(Oleum-fuming ) (Sulphuric acid) 
SO, +PCl,—> POC], +SO, +Cl, 
(Phosphoryl 
chloride) 


Sulphuric acid (H,SO, ) 
It is a colourless, dense and viscus liquid with a melting 
and boiling points of 283 K and 611 K respectively. It is 
highly soluble in water due to hydrogen bonding. It is a 
dibasic acid with different dissociation constant 
(K,, > Kg,). It is a strong oxidising agent due to the 
formation of nascent oxygen and reduced to SO, in most 
of the reactions. However, it cannot oxidise F andCl. 
Some of the important reactions are : 

H,SO, + 2HI —> SO, + 2H,O0 +1, 

H,SO, + 6HI —> S$ + 4H,0O + 31, 

H,SO, + 8HI —> H,S + 4H,O + 41, 

3KCIO, + 3H,SO, —> 3 KHSO, + HClO, + 2ClO, + H,O 

H,SO, + P,O, —> SO, + 2HPO, 
H,SO, acts as a strong dehydrating agent. It is one of the 
most important industrial chemical and is prepared by 
contact process. 


Contact Process 
This is the commercial method of preparation of H,SO,. The 
complete procedure involves five different stages. 
Stage I Combining of sulphur and oxygen to produce SO,. 
$+ 0,—>S0, 
Stage Il Purification of SO, in purification unit. 
Stage Ill Preparation of SO, by adding excess of oxygen gas to SO, 
in presence of V,0, catalyst. 
280,(g) + 0,(g) > 280,(g; AH =—197kJ mol” 
Stage IV SO, gas is added to sulphuric acid to give oleum (H,s,0;). 
H,S0, + SO, —> H.8,0; 
Oleum or pyrosulphuric acid 
Stage V The oleum so formed is then added to water to formH,SO,. 


H,S,0, + HO —> 2H,S0, 


As the production of SO, is an exothermic process, low temperature 
favours the production of SO,. However lowering the temperature to 
a greater extent decreases the production of SO. Hence, a 
temperature of 450°C and a pressure of 1-2 atm is maintained for 
better production. V,0, acts as a catalyst and completes the 
reaction through the following steps: 

Step 1 2S0, + 4V°* + 207 —-> 280, + 4v** 

Step Il ay** 4. 0, —>» 4V** + 207 


Lead chamber process (which is no longer in use) Involves three 
stages 
Stage I 2NO (catalyst) + 0, —— 2N0, 


Stage Il 2S0, + 2NO, —» 2S0, + 2NO, 2S0, + 0, “> 280, 


Stage Ill SO, + H,0 —~> H,SO0, 


p> NO, + SO, + HO —>H,SO,+NO (recycled) 


2N0 + 0, —> 2N0, 


Group 17 Elements (Halogen Family) 
F(9), Cl1(17), Br(35), 1(53) and At(85) belong to this family with 
general valence electron configuration of ns’np*. Physical 
properties follow a regular trend down the group except 
electron gain enthalpy and X—xX bond dissociation 
enthalpy. 

Remember The negative value of electron gain enthalpy increases 

from F to Cl and decreases regularly from Cl to |. This is because, 

due to small size of F, interelectronic repulsion is more in 

comparison to Cl. Hence, the incoming electron feels more repulsion 

in F-atom, releasing less energy. The X—X bond, dissociation 

enthalpy increases from F, toCl, and then show the expected decrease 

fromCl, tol. Hence, CI—Cl > Br —Br > F—F > |—I 


This is due to highest lone pair-lone pair repulsion inF, molecule. 

= Despite smaller electron gain enthalpy value of F,, it is a stronger 
oxidising agent than Cl, due to low F—F bond enthalpy and high 
hydration enthalpy of F~ ion in comparison to chlorine. 

= Fluorine and chlorine are gases, bromine is a liquid, where iodine 
exist as solid. They are coloured due to the absorption of radiation 

Cl, Br, ly 


Greenish yellow Red Violet 


invisible region F, 
Yellow 
Chemical Properties 
(i) Oxidation state and reactivity Fluorine shows —1 
oxidation state only, whereas others show 
-1,+1,+3,+5and-+ 7. This is due to the absence of 
vacant d-orbital in fluorine. They are highly 
reactivity and the reactivity decreases down the 
group. They are strong oxidising agents due to easy 
acceptance of an electron. Fluorine is the strongest 
oxidising agent and the tendency decreases down 
the group. 
Reaction with hydrogen They all form hydrogen 
halides of type HX, however the affinity for hydrogen 
decreases from F, to I,. The order of different 
properties of HXs are 
HF>HCI1> HBr> HI (order of H—X bond enthalpy, stability) 
HI> HBr> HCl1> HBF (order of acidic strength, H—X bond length) 
HCl < HBr< HF<HI 


(order of melting and boiling points, however boiling point and 
melting point of HF is abnormally high due to H-bonding) 


(iii) Reaction with oxygen Fluorine forms only OF, and 
O,F,, out of which OF, is more stable. Other form 
oxides with oxidation state of halogen ranging from 
+1to+7. Order of stability of oxides formed by 
halogens isI>Cl> Br e.g. 1,0, >Cl,O, > BRO, 

The acidic strength of oxides increases with increase 
in the percentage of oxygen. 
e.g. ClO, >Cl,O, >ClO, >Cl,O 


= 


(ii 
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(iv) Reaction with metals They react with metals to form 


metal halides. The ionic character of metal halides 
follow the order: MF > MCl1> MBr> MI 

For same metal, higher the oxidation state’ higher is 
the covalent character of metal halide (Fajans’ rule). 


(v) Formation of oxoacids Due to small size and absence 
of vacant d-orbital, fluorine only forms HOF, whereas 
others form, oxoacids of type 
HOX, HOXO, HOXO,, HOXO,. Their structures are 

Or .. ONS) ONG) O O 
LP OO ANY ANY 4NyF 
H X:  H Xx H X _éx 
oe ro So Oo So 
Hypohalous acid Halous acid Halic acid Perhalic acid 


The halide ion in all of the above acids is 

sp’ hybridised and tetrahedral in shape. 

Their physical and chemical properties are given 
below : 


Hypohalous Halous Halic Perhalic 
2s acid (+1) acid (+3) acid(+5) acid (+7) 
(eo) 
a3 § HOF 7 = 7 
22/3 HOC HCIO, HCIO3 HCIO, 
Qg|a 
@&/3 HOB = HBrOs — HBrO, 
TJ > 

Bs HOI = HIO3 HIO, 


stability, covalent character, 


Oxidation number, st [ESE 
acidic strength 


HClO, is the strongest of all acids. 


(vi) Interhalogen compounds They form interhalogen 


compounds of type XX', XX’, , XX’, ,XX3;, where X and 
X ‘are halogens of higher and smaller size respectively. 
They are all covalent molecules and diamagnetic with 
their physical properties are intermediate between the 
constituent halogens. They are more reactive than 
halogens (except F,), because X —X’' bond is weaker 
than X —X bond (except F,). 

The structure of XX’, XX',, XX'; and XX’, are 
respectively linear, bent-T, square pyramidal and 
pentagonal bipyramidal respectively, as shown below. 


ae bd a iE F 
se i ran | 
“Ts e i lee 1 
We 1 1 
F teen ---Y'F F: 


Structure of XX’; 
(Pentagonal bipyramidal) 


Structure of XX's 
(Square pyramidal) 


Structure of XX‘, 
(Bent-T) 


On hydrolysis, they form the corresponding oxoacid. e.g. 


XX'+ H,O — HX'+ HOX 
XX) +2H,0 —> 3X’ + HXO, 
XX*s + 3H ,O >» SHX' + HXO, 
XX! + 4H ,O —> 7HX'+ HXO, 
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Some important compounds of halogen family. : 
(a) Chlorine It is a greenish yellow gas with pungent and 


(c 


= 


~ 


= 


suffocating odour. One of the important methods of 
preparation is from Deacon's process. 
Some of the important reactions of Cl, are given below. 


2NaOH + Cl, —> NaCl + NaOCl + H,O 
(Cold and dilute) 


6NaOH + 3Cl, —> 5NaCl + NaClO, + 3H,O 

2Ca(OH), + 2Cl, —> Ca(OCl), + CaCO, + 2H,O 
Chlorine water is a powerful bleaching agent due to the 
formation of nascent oxygen. 
Hydrogen chloride (HCl) It is a strong monobasic acid 
which is colourless and pungent smelling gas. It acts as 
a reducing agent and reduces KMnO, to Mn?* 
K,Cr, O, to Cr’*, MnO, to Mn?*, PbO, and Pb,O, to 
Pb** etc. 
The reducing power of halogen hydrides increases from 
fluorine to iodine. 

HF < HCl< HBr< HI 
Metaperiodic acid (HIO,) It is a weak acid and is 
obtained by heating paraperiodic acid (H;IO,). 
H,1O, —“-<> HIO, + 2H,O 

It acts as a strong oxidising agent in acidic medium and 
itself reduced to I,. 
Paraperiodic acid (HIO,.2H,O or H,IO,) It is a 
colourless crystalline solid and os 
deliquescent in nature. HOx----4}------= 20H 
It is a strong acid and acts as a aN ea 
powerful oxidising agent. ! I H 
It gives 1,0;,, when heated at 
100°C. 
It has octahedral structure with 


sp’d’ hybridisation. 


Group 18 Elements (Noble Gases) 


He(2), Ne(10), Ar(18), Kr(36), Xe(54), Rn(86) belong to this 
family with general valence electron configuration of 
ns*np°. 


e Physical properties follow a regular trend down the 
group, except electron gain enthalpy. 


e Due to fulfilled electronic configuration, they have 
positive value of electron gain enthalpy, that increases 
from He to Ne (maximum) and again decreases from Ne to 
Rn. 

e All are monoatomic gases, with very low melting and 
boiling points due to weak van der Waals’ force. They are 
colourless, odourless and tasteless. 
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e Their order of abundance in is 


Rn > Xe>Kr> Ar>Ne>He 


atmosphere 


Chemical properties They are highly inert due to high 
value of ionisation enthalpy and positive value of 
electron gain enthalpy. However, Xe, Kr and Rn, due to 
small value of ionisation enthalpy and large size react 
with F, and O, to form fluorides (XeF,, XeF,, XeF,), 
oxides (XeO,, XeO,) and oxofluorides 
(XeOF,, XeO,F,, XeOF,, XeO,5,). 


Their structures are given below : 


Xe | Fo 
RS ZS, “A 
F EF 
XeF5 XeF, XeF, 
(Linear) (Square planar) (Distorted octahedral) 
y [ 
ZA. wr 
O | O O ‘ O 
(e) O 
XeO3 XeOu 
(Pyramidal) (Tetrahedral) 
ae NY 
| >Xe——=-0 i Xe | 
AZ WIN. 
\ FE O 
XeOF XeOF, 
(Bent T-shaped) (Square pyramidal) 
F F fe) 
iors. aol Faovipocy vF 
i Xe >< xe 1 | 
mA a He | Ma ge 
, F F os iZ aN 
Xe0.F, XeO;F> O 
(Distorted tetrahedral (Triangular XeO2F4 
or see-saw shaped) bipyramidal) | (Octahedral shape ) 
Some important chemical reactions of xenon 


compounds are: 
XeF, + PE, —~>[XeF]* [PR] 
XeF, + SbF, —— [XeF,]* [SbF,] 
XeF, + MF —> M* [XeE] (M =Na,K, Rb or Cs) 


XeF, and XeF, on complete hydrolysis give XeO, and 
on partial hydrolysis give oxofluorides 
(XeOF,, XeO,F, etc.) and HF. 


{JEE ADVANCED CORNER} 


ADVANCED 
STOICHIOMETRY 


\ Coverage of Special Topics for JEE Advanced 


It deals with the calculation of relative masses of 
reactants and products during a chemical reaction. 
It is mainly based on mole concept and equivalent 
concept. 


Mole Concept in Stoichiometry 


While solving problems through mole concept, first 
of all we need to balance the chemical reaction, e.g. 
for the following balanced chemical reaction. 


CoH g) + 2.0, (g) —+2CO, (9) + 31,019) 


1mol |7 mol 2 mol 3 mol 

30g 112g 88g 54g 

1 vol vol 2 vol 3 vol 

22.4L ; x224L |2x 22.4L 3x 22.4L (at STP) 


We can also solve problems related to stoichiometry 
without balancing the reaction through equivalent 
concept and through principle of atomic 
conservation (POAC). 


Type 1. Problems Based on POAC 
Principle of Atomic Conservation 


This principle is based on Dalton's atomic theory, 
according to which atoms are conserved during a 
chemical reaction. Hence, according to this 
principle moles of an atom before and after a 
chemical reaction are equal. This can be explained 
through the following example. 


Ajeet Kumar Jha 


(Example? 5g of a solid mixture containing Pb(NO;), and 
ple? NaNO; was heated below 600°C untill the weight of 


the residue is constant. If the loss in weight is 28%, find the amount 
of Pb(NO;), and NaNO; in the mixture. [IIT JEE 1990] 


Sol. Step 1. Writing the chemical reaction (balancing of reaction is not 
required) 
Pb(NO 3), —> PbO+NO,+0, 
NaNO, —> NaNO, + O, 


Step 2. Calculating the weight of gas formed 


Loss in weight =28% of 5g = pone 
100 


=14g 


-. 1.4g is lost as NO, and O, gas, that is liberated in both the reactions. 


Let the weight of Pb(NO 3), be x g and the weight of gaseous mixture 
liberated in first reaction be y g. 


Pb(NO3)2—> PbO +NO,+0, 


xg eyo 
NaNO3;—> NaNOo + Oo 
(5- x)g [3.6-(x-y)]g (1.4-y)g 


Step 3. Applying POAC for first reaction, 
moles of Pb-atoms in reactant = moles of Pb atoms in product. 
or 
moles of Pb atoms in PoNO ; = moles of Pb atoms in PbO 
As Pb (NO 3). and PbO both contain 1 Pb-atoms 
.. Moles of Po (NO 3). = moles of PbO 
or ecieercae A (i) 
331 223 
Applying POAC for the second reaction, 
moles of N-atoms in NaNO , = moles of N-atoms in NaNO , 
As both contain 1 N-atoms 
. Moles of NaNO, = moles of NaNO, 


Sp 5-x _[36-(x-y)] 


85 69 
of 5-X _36-x+y i) 
85 69 
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Step 4. Finding value of x. 
On solving Eqs. (i) and (ii) we get, 
xX = 3.325g 
“Weight of — Pb (NO3), = 3.325g 
and weight of NaNO = (5— 3.325) 
=1.675g 


Type 2. Problems Based on Equivalent 
Concept 
Equivalent concept In a chemical reaction 
aA +bB —>+cC +dD 


Equivalent of 
A= equivalent of B = equivalent of C = equivalent of D 


or milliequivalent of A = milliequivalent of B = 
milliequivalent of C = Milliequivalent D 
. Wy We We _ Wo 

E, Eg Eco & 


or (NV)a =(NV)g = (NV) c = (NV) 


(2) 
(Example; A 100mL solution of HO, of 


unknown strength was taken. An excess of KI and 
dilute H,SO, were added to the solution and 
allowed to react. The iodine gas liberated required 
30 mL of 0.20 NNa,S,O, for complete reaction. The 
strength of H,O, solution in gram per litre is 

(a) 0.51 (b) 1.02 

(c) 2.04 (d) 0.33 
Sol. Step 1. Writing chemical reaction 

(balancing is not required) 

Kl + H,SO , +H,0, —>K,SO, + H,0 +l, 
Na.8.0, +5 —5Na.8,0, + Nal 


Step 2. Finding milliequivalents of reactants and products. 
Milliequivalent of Na,S,0 , =NV =30 x 0.2 =6 


Step 3. Applying equivalent concept to the above two 


reactions: 

Milliequivalent of H,O 5 = Milliequivalent of |, si(i) 
Milliequivalent of |, = Milliequivalent of Na,S,0, ... (ii) 
From (i) and (ii), 


Milliequivalent of HO, = Milliequivalent of Na,S,0,=6 

-. Milliequivalent of H,O , in 100 mL =6 

-. Milliequivalent of H,O , in 1 L (1000 mL) = 60 

Step 4. Finding equivalent weight of HO, 

In the above reaction, - 

H,0, ————> 2H,O0 

Change in ON =-1 x2 =2 

_ Molecular wt _ 34 _ 

= 7 . 

Step 5. Calculating strength 
Equivalents of H,O » per litre = 60 x 107° 
.. Gram of HO 5 per litre = 60 x10" ° x17 

=1.02 g/L 

Hence, (b) is the correct answer. 


E 17 
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Type 3. Problems Based on the Concept of Limiting 
Reactant 


© 
(Example, Upon mixing 45 mL of 0.25M lead nitrate solution with 


25.0mL of a 0.10M chromic sulphate solution, precipitation of lead 
sulphate takes place. How many moles of lead sulphate are formed? 
Also calculate the molar concentrations of species left behind in the 
final solution. Assume that lead sulphate is completely insoluble. 
[IIT JEE 1993] 
Sol. The reaction involved in the above question is 
3Pb(NO3)> + Crp(SO 4 )3 —> 3PbSO ,(s)d + 2Cr(NO3)s 


Finding Limiting Reactant 
In the balanced reaction, 3 moles of Pb(NO;), reacts with 1 mole 


of Cr, (SO,),. Hence, for complete consumption of both reactants, 
the molar ratio Pb(NO3), and Cr, (SO,), must be equal to 3. 


But if the molar ratio is not equal to 3, then one of the reactant will 
be used up completely leaving excess of the other reactant 
unreacted. Here millimoles of Pb (NO), = 45x 0.25= 11.25 
Millimoles of Cr, (SO,), = 25x 0.10= 2.5 
Moles of Pb(NO3), _ 11.25 
Moles of Cy,(SO,), 2.5 


3. 


Hence, Pb (NO,), is present in excess, while Cy (SO,), is the 
limiting reactant and it will determine the amount of product 
formed. 


- 1 mole of Cr, (SO,); produces 3 moles of PbSO,. 
.2.5 millimoles of Cr, (SO,), will produce 7.5 millimoles of PbSO,. 
“. millimole of Pb (NO,), remain unreacted 

= 11.25- 7.5= 3.75 millimol. 


“. Molarity of Pb (NO,), in the final solution 
_ millimole of Pb (NO,), _ 3.75 
Total volume (in mL) 70 


Also, millimol of Cr(NO,;), formed =2 x 2.5 =5 


= 0.054 M 


“. Molarity of Cr(NO,), == = 0.042 M 


Chemical Analysis 


In this method, the composition and nature of constituent 
elements / ions / compounds present in an unknown substance are 
determined by applying laws of chemical combination, 
stoichiometry and by observing their chemical properties. 


e The analysis of nature of constituent elements/ions/compounds 
present in an unknown substance by considering observable 
properties like colour change, formation of different gases etc., 
comes under qualitative analysis, whereas in quantitative 
analysis, the mass and composition of constituent species in an 
unknown substance are determined. 


¢ Quantitative analysis is carried out through the following 
methods. 
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Gravimetric Analysis 


In this method, the unknown substance under 
consideration is treated with suitable reactant to form 
precipitation. Then the precipitated product is purified 
and its mass is analysed to know the composition, 
percentage purity etc. This procedure can be better 
understood from the following examples. 


Type 1. Problems Based on Finding 
Composition of an Unknown Mixture 


Example In order to know the composition of an 


unknown mixture of NaCl and Nal, 8g of the mixture was 
dissolved in 2 L of water and the solution was treated with 
AgNO;, 60mL of the solution required 12mL of 0.25N AgNO, 
for complete precipitation. Calculate the percentage 
composition of the mixture? 


Sol. Consider the 8g of unknown mixture contains xg of NaCl. 
“. weight of Nal = (8- X) g 
The following reaction occurs, when AgNO , is added to the solution. 
NaCl+ Nal + 2AgNO, —> AgCl(s)1 + Agl(s) + 2NaNO, 
“. Milliequivalent of NaCl + Milliequivalent of Nal = Milliequivalent 
of AgNO 3 
Milliequivalents of NaCl = * sy ae x 1000 
58.5 2000 
(B-x), 60 1000 
150 2000 
Milliequivalents of AGNO, =NV=0.25x12 =3 
60x . 60 (8 — x) 
58.5 x2 150'x2 
4.475 


Milliequivalents of NaCl = 


=3 =x=4475g 


-. Percentage of NaCl = x 100= 56% 


Percentage of Nal = 44% 


Type 2. Finding the Concentration of a Pollutant 
in Water 


Example To know the concentration of Pb** in a 


polluted water, an excess of Na,SO, was added to, 1.0L 

sample of water. The precipitated PbSO, was extracted from 

the solution and its mass was found to be 229.8mg. The 
concentration of lead in ppm in the polluted water is around 
(a) 15.7 ppm (6) 157 ppm — (c) 122 ppm_= (d) 12.2 ppm 

Sol. Concept As an excess ofNa SO, was added to the solution, 

all of the lead was precipitated as PoSO,. Hence, we can find 


the concentration of Pb in polluted water by finding 
concentration of Pb in PbSO,. 


Step1.Finding mass percentage of Pb in PbSO, 


% of Pp= 2072 G/mMOl 199 - 8.30% 
303.3 g /mol 


Step 2. Finding amount of Pb in the sample 


Amount of Pb in the sample = 229.8 mg x 


= 157.0 mg Pb in 1L 


Step 3. Finding lead concentration in ppm 
Lead concentration in 1L water sample 
= 157mg Pb/iL 
= 157x 10° 8g /103 mL=_°9 


10®mL 


= 157 ppm 


Hence, (b) is the correct answer. 


Eudiometry or Combustion Analysis 


Chemical reactions involving gases are carried out in 
eudiometer, where the volume of gaseous products are 
measured. The calculations are made on the basis of gas 
laws. 


Type 1. Problems Based on Combustion of 
Hydrocarbons 


A mixture of ethane and ethene occupies 40 Lat 1 atm and 
400K. The mixture reacts completely with 130g of O, to 
produce CO, and H,O. Assuming ideal gas behaviour, 
calculate the mole fraction of ethane in the mixture. 
Step : 1. Finding volume of the mixture at NTP 

Applying combined gas equation 


Pp, =1 atm P>=1 atm 
Y= 40L Vo =? 
T, = 400K Ty = 273K 
yell) 278 coz aL, 

400 1 


Now consider the volume of ethane = x L 
.. Volume of ethene = (27.3 — x) L 


Step 2. Writing the balanced chemical equation 
CH. + : 0, —> 2CO, +3H,0 


1 vol : vol 2 vol 3 vol 
x = L 2xL —3xL 
CoH4 + 302 — 2CO, +2H,0 
1 vol 3 vol 


(27.3 — x)L 3(27.3 - x)L2 (27.3 — x)L2 (27.3-x)L 


Step 3. Calculating volume of oxygen required for the complete 
combustion 


Bx (27.3- x)x 3| L 


Step 4. Calculating mass of oxygen. 


Mass of oxygen = ive (27.3- x)x 3} Lx 829 
2 22.4L 
16 
> 130g = (x + 163.8) x — 
22.4 
= x=18.2L 
Step 5. Calculating mole fraction 


Mole fraction of ethane = lic = 0.66 
27.3 
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Volumetric Analysis 


In this method, the composition of the unknown substance is 

calculated by measuring the volume of the reacting substances. 

e Volumetric analysis is done through titration, a procedure in 

which a definite volume of solution of either known or unknown 

concentration react with each other. 

It is based on the law of chemical equivalence. 

¢ The end point of a titration is determined with the help of 
indicator, potentiometer, colour change, pH meter etc. An 
indicator is a substance that changes colour in response to a 
chemical change, thus indicating the end point of a titration. 
Titrations are of the following types: 


(a) Acid-base titration Here acid and base react with each 
other to form salt. At equivalence point, milliequivalent 
of acid = milliequivalent of base. 


6) 
(Example? 599 mi of 10M H,C,0, and 100 mL of 2.0 MH,SO, 


are mixed with 40g of NaOH and a solution was obtained. 30 mL of 
the above solution are titrated against a standard solution of 
Na,CO; -10H,O containing 14.3 g of the compound in 100 mL of the 
solution. The volume of sodium carbonate required for the complete 
neutralisation of 30 mL of the solution is 

(a) 40 mL (b) 20 mL (c) 30 mL (d) 50 mL 
Sol. Step 1. Calculation of milliequivalent of acids and bases in the 
solution. 
illiequivalents of HJC,0, = 2x 1.0 500= 1000 
illiequivalents of HSO , = 2x 2.0x 100= 400 


illiequivalents of NaOH = x 1000= 1000 


Step 2. Writing the acid - base neutralisation reaction. 


t=0m.eqv HC 0.4 +H,S0 4 ao ae + 
Atequivalence point 1000 400 1000 
400 


cs +H,O0 
0 0 
-. Excess of acid remaining in the solution = 400 milliequivalent. 


Step 3. When the complete acid or base is not used up during first titration, 
hen it is again treated with another titrant for the complete 
neutralisation. This is called back titration, Here, the excess of the acid 
is back titrated with sodium carbonate. 

*. Milliequivalent of acid = milliequivalent of carbonate 


143 ¥ 4000 


Normality of Na,CO , -100 = 4QN 
286 /2 


Step 4. Calculating the volume of Na ,CO, required 
Excess milliequivalent of acid in 30mL of solution 
_ 30mL x 400 
~~ 600mL 
= 20 milliequivalent 
Let the volume of sodium carbonate solution be VmL 
: NV=20 => V=20mL [ 
Hence, (b) is the correct answer. 


[- Vootal = 600 mL] 
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Redox Titration 


In redox titration, redox reaction occur between 
titrate and titrant. Here also, at equivalence point, 
miliequivalent of titrate is equal to 
milhequivalent of titrant. The following types of 
oxidising agents are used during titration. 


Type 1. Problems Based on Titration 
Using Acidified KMnO , 


@ 
(Example’ In order to calculate the percentage 


purity of pyrolusite ore, (an ore of Mn containing 
MnO,), 0.6 g of the pyrolusite ore was boiled with 
200 mL of 0.10 NH,C,0, and excess of dilute H,SO,. 
The residue was extracted and mixed with water to 
make 500 mL solution. 100 mL of this solution 
required 100 mL of 0.033N KMnO, solution. The 
percentage purity of MnO, in the sample is around. 


(a) 15% (b) 85% 
(c) 25% (d) 75% 
Sol. Step 1. Writing the redox reactions. 
+4 +3 +4 


MnO, +H,C,0 4 + H,SO 4 —>MnSO, +CO, + H,0 
KMnO, + H;C,0, + H,sO,—> MnSO, + CO, + H;O 
Step 2. Calculating milliequivalent of HjC ,O,. 
Milliequivalent of H,C 0 , = 200x 0.10= 20 
Step 3. Calculating the excess of H,C,O,. This can be 
calculated with excess of H,C.O, in form of its 
titration with 100 mL KMnO, solution. 
Milliequivalent of KMnO, = 50 x 0.033 
=5/3 
*. Excess of HCO, in 500mL 


=5~x = 20 milliequivalent 
3 3 


Step 4. Calculating H.C .O, used in the titration of pyrolusite 
ore (MnO) 
25 35 


“ H3C,0, used =20 — 2 ~s milliequivalent 


Step 5. Calculating weight of MnO, in the sample. 
Milliequivalent of H.C ,O , used =milliequivalentof MnO , 


ieee eee 
a milliequivalent 
. 35 =3. 
-. Weight of MnO 5 a 10° “x 435g 
M 
Evino > =) as 0.5 of MnO changes from +4 to +2 


=0.51 g MnO, 


0.51 x 100 


% of MnO, = = 85% 


Hence, (b) is the correct answer. 
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Type 2. Problems Based on Titration Using 
Acidified K, Cr, 0, 


© 
(Example; 2.198g of a sample of a mixture of two oxides 
AO and A,O; requires 0.015 mole of K,Cr,0,; to oxidise the 
sample completely to form AO, and Cr°*. If 0.0187 mole of 


AO, is formed, find the atomic weight of A? 


Sol. Step 1. Consider the molecular weight of AO and A,O,be M, 
and M, respectively and atomic weight of A be Ag. 
A+16=M,; 2A+48=M, 
Step 2. Now consider the weight of AO in the sample be xg 
“. Weight of A,O, =(2.198 — x)g 


Step 3. Writing the sa foamllens 
+2 +3 


AO +A,0,+K cr0, AO; +(Cr3* 


Step 4. Finding the milliequivalent of reactants and products 


milliequivalent of AO = * 1000 | Exo Mh 


(A+16)/5| 5 
ees (2.198 — x) x 1000 Ms 
milliequivalent of A,O ,=~———_—+>—"—"— | += pace 
” 8 OAs 48)/8 A038 


milliequivalent of K ,Cr,0 7 = 0.015 x 6x 1000 
Step 5. Applying law of equivalence, milliequivalent of 
AO + milliequivalent of AsO, = Milliequivalent of KsCr,07 
Sx_ , 8(2.198=x) _ 9 og (i) 
A+16 2A+48 
Also it is given, 
moles of AO, formed by AO+ moles of AO, formed by A,O, 


> 


= 0.0187 
or X42 219K) _ 9.0187 (i) 
A+i6. 2A+48 


Step 5. Calculating atomic weight of A 
By solving Eqs. (i) and (ii), we get 
Mole ratio of AO : AO =1:1 
Mole ratio of A303: AO, =1:2 
By solving, we get A=100g 


Calculating Hardness of Water 


© 
(Example; A sample of hard water contains 122 ppm of 


HCO; ions. Calculate the minimum weight of CaO required to 
remove HCO; ions completely from 2L of such water sample? 


Sol. The temporary hardness of water is due to the presence of 
Ca(HCO;). and Mg (HCO,)>, salts which are removed either 
by boiling water or by treating water with CaO or Ca(OH)>. This 
is called Clark's method. 


Step 1. Writing the balanced equation for the reaction between 
Ca(HCO,), and CaO. 
Ca(HCO 3)> +CaO —— + H,O 


1 mol 


Step 2. Calculating milliequivalent ofCa(HCo, _ 
Milliequivalent of HCO; = 122 ppm 


=122 mg in 1L solution 


= m mole in 1L= 4m mole in 2L 


As 2 millimoles of HCO; is required to form 1 millimole of 
Ca(HCO 3)5 
Millimoles of Ca(HCO 3). = 2 millimoles is 2L. 
Step 3. Applying mole concept, 
2 millimoles of Ca(HCO 3). = 2milli mole of CaO in2L 
= 2x 56 mg of CaO = 112 mg of CaO in 2L 
Hence, 112mg of CaO is required. 


Equivalent Concept in Electrochemistry 
Faraday's second law is based on equivalent concept as 
stated below. 


Faraday's second law When same amount of current is 
passed through different electrolytic solution, the mass of 
substance (W) deposited at respective electrodes is 
directly proportional to equivalent weight (E). Hence, 
W ae. 
For two different electrolytes 

W, _ Fy 

W,  & 
If Q =96500 C, then W =E, then according to Faraday's 
first law 


W =E =96500 Z or Z= 


96500 
Putting value of Z in Faraday's first law 
W =ZIt= 2 
96500 


Equivalent weight can be defined according to Faraday's 
law as the weight (in gram) of a substance deposited 
liberated when 1 Faraday (96500C) of electricity is passed 
through the electrolytic solution. 


(Example; Chromium metal can be plated out from an 


acidic solution containing CrO, according to the following 
equation. CrO, (aq)+ 6H* (aq)+ 6e ——-> Cr(s)+ 3H,0 


Calculate (i) How many grams of chromium will be plated out 
by 24,000 C and (ti) How long will it take to plate out 1.5 g of 
chromium by using 12.5A current? [IIT JEE 1993] 


Sol. For the above given reaction, n = 6 
Hence, equivalent mass of Cr, E a 


(i) Q =24000C 
Applying Faraday's law, 
EQ _ 52 x24000 


=2.16 
~ 96500 6 x 96500 7 2 
(ii) /=12.5A,W = 1.5g 
Applying Faraday's law, 
Elt 96500 x W 
= ort = 
96500 El 
_ 96500x 1.5% 6 _ 1336 s 
52x 12.5 


FEBRUARY 2015| imine 65 


ADVANCED STOICHIOMETRY 


Practice Questions 


1. 


A mixture of AIQ,;, and MgQ,, where Q is 
8-hydroxyquinoline (C,)H,NO) weighing 1.084g was 
heated in an open air vessel, the mixture was 
decomposed leaving a residue of Al,O,; and MgO 
weighing 0.134g. The percentage of AlQ, in the 
original mixture is around 

(a) 63% (b) 27% 

(c) 36% (d) 54% 


The piperazine content of an impure commercial 
material can be determined through the following 
reaction. 


+ + = 
HN  NH+2CH,COOH—+H,N  NH,(CH;COO), 


0.312g of the sample was dissolved in 25 mL of 
acetone and 1mL of CH,COOH was added. The 
precipitation formed was separated and dried at 
110°C. The weight of the precipitated product was 
found to be 0.712g. The weight percentage of 
piperazine in the material is 

(a) 95% (b) 5% 

(c) 76% (d) 24% 


In a procedure to measure the soluble organic 
material in water, the organic material is oxidised to 
CO, with K,S,O,. The CO, is collected by a column 
of NaOH - coated asbestos. A water sample weighing 
6.234g produces 2.378mg of CO,. The the 
concentration of carbon in sea water in ppm is 
around 

(a) 52 ppm 
(c) 104 pom 


(b) 85 ppm 
(d) 124 ppm 


100 mg of an aqueous glycerol solution was treated 


with 50 mL of 0.084 M Ce‘ * in 4M HCIO, at 60°C for 
some minutes to oxidise glycerol to HCOOH. The 
excess of Ce** required 1211 mL of 0.045 M Fe’* to 
reach a ferroin end point. The weight percentage of 
glycerol in the solution is 


7. 


10. 


A potassium iodate solution was prepared by 
dissolving 1.022 g of KIO, in a 500 mL volumetric 
flask. 50mL of the solution was pipetted into a flask 
and treated with excess of KI (2g) and 10 mL of 
0.5MH,SO,. The moles of I; formed during the 
reaction is around 
(a) 2.45 mmol 

(c) 1.1 mmol 


(b) 1.43 mmol 
(d) 0.78 mmol 


An aqueous solution containing 0.10g KIO, 
(formula weight = 214.0) was treated with an excess 
of KI solution. The solution was acidified with HCl. 
The liberated 1, consumed 45.0 mL of thiosulphate 
solution to decolourise the blue starch-iodine 
complex. Calculate the molarity of the sodium 
thiosulphate solution. [IIT JEE 1995] 


An aqueous solution of 6.3 g oxalic acid dihydrate 
is made up to 250 mL. The volume of 0.1 N NaOH 
required to completely neutralise 10 mL of this 
solution is 
(a) 40 mL (b) 20 mL (c) 10 mL (da) 4mL 
Consider a titration of potassium dichromate 
solution with acidified Mohr's salt solution using 
diphenylamine as indicator. The number of moles 
of Mohr's salt required per mole of dichromate is 
(a) 3 (b) 4 (c) 5 (a) 6 
A 2.0g sample of a mixture containing sodium 
carbonate, sodium bicarbonate and sodium 
sulphate is gently heated till the evolution of CO, 
ceases. The volume of CO, at 750mm Hg pressure 
and at 298 K is measured to be123.9 mL. A 1.5 g of 
the same requires 150mL of (M/10) HCl for 
complete neutralisation. Calculate the percentage 
composition of the components of the mixture. 

(IIT 1992, 5M] 
A 1.0g sample of Fe,O, solid of 55.2% purity is 
dissolved in acid and reduced by heating the 
solution with zinc dust. The resultant solution is 
cooled and made up to 1000 mL. An aliquot of 


(a) 42% (b) 58% 25.0mL of this solution requires of titration. 
(c) 36% (d) 64% Calculate the number of electrons taken up by the 
oxidant in the reaction of the above titration. 
[IIT JEE 1991] 
Answers 
(b) 2. (a) 3. (Cc) 4. (a) 5. (b) 6. (0.062 M) 7. (a) 8. (d) 9. (26.5%) 10. (1.0410) 
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Chemical Bonding and MOT 


| Coverage of Best Questions for JEE Advanced 


Only One Answer Correct 


1. 


The following compounds are arranged in the order 
of their bond angle. Which of the following order is 
not correct? 

(a) HO > H,S > H,Se > H,Te 

(b) NH; > PH3 > ASH; > SbH3 

(c)PCl, > PBr, > Pl, 

(d) CH, > CH,CIl > NH, > H,O 

The bond order values of which of the following 
species make an arithmetic progression series? 

(a) Fz, Oo, Bp (b) No, NO*, N5 

(c) Bo, Co, NO* (d) N3, No, NO* 


Which of the following sets has all the species 
showing paramagnetic behaviour? 

(a) C5, Bs, On, NO* (b) N04, NO*, Oz, S» 

(c) NO, Oo, By, NO* (d) No, N04, Co, Lip 


Which of the following represents the correct order 
of bond length of different molecules/ions? 
(a)NO* < NO < NO™ (b) NO“ < NO < NO* 
(c) CN* < CN < CN" (d) CN* < CN" < CN 


More Than One Answer Correct 


5. 


Which of the following is/are true about types of 
chemical bonds in the following compounds? 
(a) Both polar and non-polar bonds are found in H.O, 


(b) Only coordinate and covalent bonds are found in NO; 
molecule 


Only coordinate, covalent and electrovalent bonds are 
found in CuSO, - 5H,O0 

There are one o and 27 bonds between two C-atoms in 
CaC 5, with 5” bond order of 2 


(c) 
() 


CN molecule has been found in intersteller space. 

Which of the following is/are correct about the 

bonding in CN according to molecular orbital theory? 

(a) The highest energy occupied molecular orbital to which an 
electron can be assigned is 02 p, 

(6) Bond order of CN molecule in 2.5 

(c) One-half net o-bonds and two net m-bonds are present 
in CN 

(d) Itis paramagnetic is nature 

Which of the following is/are true regarding the 


bond order and magnetic behaviour of the 
homonuclear molecules of second-period elements? 
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8. 


(a) N, has highest bond order of 3 

(b) Only Li. and F, have bond order of 1 
(c) Only Ne, has 0 bond order 

(d) Only B, and O, are paramagnetic 


Which of the following species are arranged in the 
increasing order of their bond length? 

(a) CN, CN*, CN** (b) OF O57, OF 

(c) NO-NO, NO* (d) NO, NO*, NO™ 


Questions Based on Matching of Column 


9. 


70. 


Match columns I and II, where I represents the 
molecular formula of molecules/ions/groups and II 
represents bond order and magnetic property. 


Column | Column Il 
A. NO 1. Diamagnetic 
B. CN 2. Paramagnetic 
C. O, 3. 2 
D. NS 4. 25 
5: 38 


Match columns I and II, where I represents 
molecular formulae of the ion/compound and II 
represents its hybridisation and shape. 


Column | Column Il 
A. SbF; 1. See-saw shape 
B. SF, 2. Triangular bipyramidal 
C. XeO.F, 3. Octahedral 
D. PCl; (gas) |4. sp%d 
5. spd? 


Integer Type Questions 


11. 


12. 


How many of the following species are 
paramagnetic according to molecular orbital 
theory? 


O,, Sy, NO, N,*, By,C,, Nz, N,O,, Li,, Ne,, NO, 


The following groups contain different molecules/ 
ions. How many of the following groups contain 
molecules/ions, when their bond orders are 
arranged, form an arithmetic progression series? 

(a) NO™, NO, NO* .(b) CN? *, Ny, CN 

(c) CN? *, On, CN (d) CN2*, CN*, CN 


CHEMICAL BONDING AND MOT 


713. How many of the below given compounds/ions have 
see-saw shape according to valence bond theory? 
SF,, 1O,F,, XeO,, IOF,, XeO,F,, XeF, 


Questions Based on Passage (Q.No. 14-15) 


Antimony pentafluoride is a colourless viscus fluid and act 
as a strong Lewis acid due to its strong affinity for F ion. 
This property is used to generate the strongest super acid 
[H,F]'[SbF,] according to the following reaction. 


2HF+ SbE, ——>[H,F]*[SbF,]~ 


Answer the following questions according to the above 
passage: 


14. 


15. 


Which of the following is wrong regarding the 
hybridisation of reactants and products? 

(a) SbF, is sp“d hybridised —(b) [SbF] is sp*d® hybridised 
(c) [H.F]* is so* hybridised — (a) [H,F]' is sp® hybridised 


Which of the following is wrong regarding shape of 

reactants and products? 

(a) SbF, has triangular bipyramidal shape for all the three 
different states 

(b) The shape of SbF, is triangular bipyramidal only in gaseous 
state 

(c) [H.F]* has angular shape 

(d) [SbF ]has octahedral shape 


Answer with Explanations 


1. (c) For molecules with same central atom, bond angle 
increases as the electronegativity of surrounding atom 
decreases. Hence, the correct order is 

Pl; > PBrz; > PCl, 
2. (¢)B, (10) : o1s* 0 1s* 62s? o 28° n2p) ~ 12p, 


BO = Bae = 
2 
Cy (12): ots? o 18° 028° o 28° m2 pe = n2 py 
BO = b-4 =) 
2 
NO* (14) : o1s* o 1s* o2s° o 2s mpy ~ n2p; 0 2p: 
eo= lO 4s 
2 


1, 2, 3 are in arithmetic progression. 

8. (¢) NO», O>,Bs and NO* are all paramagnetic due to 
presence of unpaired electron(s). 
C5, No, N,O,, Lip are diamagnetic due to the absence of 


unpaired electrons. 


4, (a) Bond order ee and bond order of 


bond length 
NO*,NO and NO™ are respectively 3, 2.5, 2 and that of 
CN* < CN < CN are respectively 2, 2.5 and 3. 
5. (a, b) Hydrogen bond is also found in CuSO, -5H.O, hence 
option (c) is wrong. Bond order of CE is 3. 
Cé~ (14 electrons) : o1s* o 18° 028° 0 28° 
m2 pe = 1 2p; o 2p? 


+. Bond order = Nb — Na — 


2 
6. (a, b, c, d) CN (13 electrons) : o1s? 61s? 02s? 6 2s? 
T 2p, ~ 2p; 02 p) 
Here the highest energy occupied molecular orbital to which 
an electron can be assigned is 02 p,. 
It is paramagnetic due to the presence of unpaired electron. 
po =Me— Ns 9-425 
2 2 
Hence, there are 2 m-bonds and one-half net o-bonds. 


7. (a,d) Li Be B Cc UN O F Ne 
BO: 1 OO 14 2 3 2 1 0 
Magnetism: Dia - Para Dia Dia Para Dia - 

8. (a, b) Bond length « | 


10. 


11. 
12. 


13. 


14. 


15. 


bond order 


In options, (a, b) the species are arranged in the decreasing 
order of their bond order and hence bond length in 
increasing order.. 

But in option (c), the bond order of NO~,NO and NO™ are 
respectively 2, 2.5 and 3 which are arranged increasing 
order of their bond order and in option (d) they are arranged 
irregularly. 

A> 2,4, Bo2,4, C>2,3; D>2,4 

NO, CN and N3 are paramagnetic with bond order of 2.5, 
whereas, O, is paramagnetic with bond order of 2. 

A> 2,4, Bo 1,4, C5 1,4, D> 2, 4 

SbF, and PCI; in gaseous state have triangular bipyramidal 
structure with so°d hybridisation. 

SF, and XeO.F, have see-saw shape due to presence of one 
lone pair of electron with so%d hybridisation. 

(6) O», Sx, NO*, Nj*, Bz, NO, are paramagnetic. 


(3) NO, NO and NO* have bond orders respectively 2, 2.5 
and 3 which form an arithmetic series. 

CN*~*, N, and CN have bond orders respectively 1.5, 3 and 
2.5 which doesn't form an arithmetic series. 

CN**, OQ, and CN have bond orders 1.5, 2 and 2.5 which 
forms an arithmetic series. Also CN?*, CN* and CN form an 
arithmetic series. 

(4) SF,, |O.F5, IOF, and XeO.F, will have see-saw shape due 
to the presence of one lone pair of electron. Hence, the 
answer is 4. 


(d) [H.F]* is sp’ hybridised, due to the presence of 2 lone pair 
of electrons on fluorine atom. 

(a) SbF, has triangular bipyramidal structure only in gaseous 
phase. In liquid phase it forms polymer where each Sb is 
octahedral, whereas _in solid state it exist as tetramer. 
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Chemistry 
PECTRUM aan 


In this section, we invite our readers to send their problems, we will try to provide 
the best possible solution given by our expert panel. 


Dear sir, I have come across with 
negative pH value for some organic 
acids in some books. I have never 


heard about a negative pH before and as much as I know 
pH is always positive as a pH scale has values from 1 to 
14. Please let me know under what condition pH of a 
solution becomes negative? 


[Viswash, Hapur] 


=» We use the formulae pH = —log[H*], to define pH of a 
solution whose [H*] is less than 1M but more than 107M. 
Hence, pH scale has numbers from 0 to 14. 

However, in case of highly concentrated acidic solution having 
[H*]greater than 1M (say 2M HCI solution), then log [H* ]value 
becomes greater than 0, making the pH value negative, e.g. for 
2 MHCl solution, pH = —log [H*] = —log2 = - 0.3. 

Hence, a negative value of pH simply mean, the [H*] of the 
solution is greater than 1. Also, it is worth nothing that we define 
PH scale only to denote [H*] less than 1 in a simple manner, as 
the acids and bases we use in our daily life are having [H*] less 
than 1. A negative pH is usually observed in case of highly 
concentrated solution (having very less water content) and in 
case of very strong acids. Hence, a negative pH indicates a 
very strong acid. A solution having negative pH also exist 
naturally in some mine areas where minerals exist naturally. 


Dear sir, during the formation of 
acetal from aldehyde and alcohol, 
aldehyde and anhydrous alcohol are 
treated with a small amount of 


anhydrous acid. But I am unable to draw a proper 
mechanism. Please explain me about the mechanism of 
this reaction. Also explain why this reaction is carried 
out in anhydrous condition? 
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[Sheetal, Meerut] 


> Acetal formation is favoured when aldehyde is dissolved in 
excess of anhydrous alcohol followed by the addition of 
anhydrous acids like gaseous HCl etc. This reaction 
proceeds with the following steps: 


Step 1 Attack of anhydrous acid to alcohol. 


eo + 
R—OH + H* > R—OH, 


Step 2 Proton transfer from protonated alcohol to carbonyl 
oxygen. 


H OE H # ve 
yc=0 Lae So=6—H + R-6: 

RS OS | R 
H H 


Step 3 Nucleophilic addition of first alcohol followed by the 


formation of hemiacetal. 
a) ~ O—R 
—O-H | 


R 
aa a, 
Jog + :O0—R H—C— OH 
R Sy | 
H R 


OR’ 


oon + Pe 
R H 
(Hemiacetal) 
Step 4 Formation of highly reactive oxonium cation as 
intermediate. 


H—C—O— H—C——OH H—C +H 
1 O—H Cc w > i Ae) 
R 

(Hemiacetal) (Oxonium cation) 


CHEMISTRY SPECTRUM FOR YOU 


Step 5 Nucleophilic addition of second alcohol followed by Dear sir, please explain me about 
the formation of acetal. titration curve obtained during the 
al titration of a weak acid with a strong 
a, +O—R’ OR’ base. Also please explain me about how the pH value 
H + ROH | R’—OH | changes during the addition of base, as I find it difficult 
S656 H=—-C—OR* H—C— OF 2 ais 
Rp’ \ Nl Nl to understand the curve? [Vidhi, Pune] 
H 
R R ; F ipacas 
+ ROH > To understand it better, let’s consider the titration of a weak 
—OH> 
This reaction is carried out under anhydrous condition because acid CH,COOH with a strong base NaOH. 
in the presence of water, acetal is hydrolysed resulting to the At the beginning, there is only CH,COOH, in the solution and 
formation of aldehyde and alcohol. hence pH is only due to [H*] produced by CH,COOH and 
OR’ ) can be calculated as 
| 1 
R—C— OR’ + HO R—CH + 2R’0H pH = gM —logC] 
H Now when we start adding NaOH to CH,COOH solution, 
Dear sir, when we remove an electron some of CH,COOH is converted into CH;COONa and a 
from molecules like Li,,C,, N, etc., the buffer solution is obtained. The following reaction during this 
bond order decreases by 0.5. Is it time. 
always true that, bond order decreases CH,COOH+ OH™ >= CH,COO™ + H,0 
on removing an electron from a molecule or ion. [Raj, Delhi CH,COOH+ NaOH >= H,O + CH,COO-Na * 
: : The pH of the solution during this time can be calculated as 
> It is true that, when we remove an electron from molecules like Salt 
Liz,C 5,No, etc., the bond order decreases by 0.5. But this is not pH= pK, + log : 
always true. There are many cases, particularly when the [Acid] 
electron is being removed from an antibonding molecular At the mid-point of titration, acid concentration becomes 
orbital, the bond order increases instead of decreasing. equal to salt concentration 
As the formulae for bond order is BO. [CH,COOH] = [CH,COONa] 
= a and hence at this pointoH= pK, 
As CH,COO'Na* is a Bronsted Lowry base, at the 
where, N, = Number of electrons in bonding molecular orbital. equivalence point, the solution is alkaline. 
she ing era ola ra ala CHL0O™ + HO —*CHCOOH + OH 
7 After all CH;JCOOH are neutralised and if we further add 
Case | When the electron is removed from bonding NaOH, the pH of the solution suddenly increases and 
molecular orbital; N, decreases, but N, remains constant. becomes nearly equal to pH of excess NaOH, as 
Hence, bond order decreases, e.g.B>, C5, No, Lip, etc. the dissociation of CH,;COO™ is supressed due to common 
C, (12 electrons) : 61s? o*1s* 62s? o 2s? ion effect. 
m2 pe = 72 py At this point, the pH is calculated as pOH. Hence, the graph 
C# (11 electrons) : o1s* o*“1s? 62s? 6 2s? becomes 
72 py ~ N2Sp, ml 
(electron is removed from { [ Phenolphthalein 
bonding molecular orbital) pH iy (Indicator) | Equivalence 
Case 2 When electron is removed from anti-bonding <4 8- paint 
molecular orbital, Na decreases, but N, remains constant. Iogh ; 
Hence, bond order increases =| Me point 
: Fone : ° Methyl red 
e.g. Be», Oo, NO 3 4; (Indicator) 
Be, (8 electrons) : o1s26*1s? 62s? «2s? Z at 
Be? (7 electrons) : o1s?o"1s? 62s? 62s" Qt 


0° 20° 40 60 80 100 120° 140 
(electron is removed from 
anti-bonding molecular orbital) Volume of NtOH ——> 
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TEST DRIVE 


The Simulator Test Series Towards School Practice and Board Exam 


CHOOL PRACTICE RIDE ¢ 


General Instructions 
1. All questions are compulsory. 


. Q. no. 1 to 5 are very short answer questions and carry 1 mark each. 
. Q. no. 6 to 10 are short answer questions and carry 2 marks each. 


. Q. no. 23 is a value based questions and carry 4 marks. 


. Q. no. 24 to 26 are long answer questions and carry 5 marks each. 


2 
3 
4. Q. no. 11 to 22 are also short answer questions and carry 3 marks each. 
5 
6 
7 


. Use log tables if necessary, use of calculator is not allowed. 


Very Short Answer Type Questions 
1. What is nodal surface or node? 
2. Why dipole moment of Bef, is zero? 
3. Why BeSO, and MgSO, have higher solubility? 
4, What effect on kinetic energy of particles will take 
place on heating the gas? 


5. What is free expansion? 


Short Answer Type Questions 


6. Which factors support for the calculation of angular 
momentum? 


7. What would occur when Le-Chatelier's principle is 
applied on the dissociation of [Fe (SCN)|**? 


8. What makes PCl, molecule more reactive? 
9. What is inert pair effect? What is the effect of it in 
MX, compounds? 
or 
(i) Which colour is imparted to flame by sodium? 


(ii) What happens when yellow phosphorus is 
heated with NaOH? 


10. What is the molar heat capacity? Establish the 
relation between molar heat capacity and heat 
transferred to the system. 


Short Answer Type Questions 


11. Neon gas is generally used in sign boards. If it emits 
radiation strongly at 600 nm, 


7 Pes ee Chemistry SPECTRUM 


Calculate 
(i) the frequency of emission. 
(ii) distance travelled by this radiation is 25 s. 


(iii) number of quanta present if it produces 3J of 
energy. 


72. Arrange the following as per the instruction given 
below. 


(i) Increasing order of bond dissociation energy of 
N,, O2, FE, Ch 

(ii) Decreasing order of electropositive character of 
Cu, Fe,Mg 


(iii) Increasing order of valency of nitrogen in 
HNO,, HNO,, NO, 
713. For the oxidation of iron, 
4 Fe(s) +30, (g) —> 2Fe,O, (s) 
entropy change is —549.4 JK"! mol” at 298 K. 


Inspite of negative entropy change of this reaction, 
why is the reaction spontaneous? 


(A,H_ for the reaction is — 1648 x 10° J mol '). 


14. What happens to the process if it is subjected to a 
change given in the square brackets? 


(i) Ice — water [Pressure is increased] 
(ii) N, (g) + O, (g) == 2NO@) [NO gas is added to 
the reaction mixture] 

(iii) N, (g) + O, (g) == 2NO(g)— 180.7 kJ 


[Pressure is increased and temperature 
is decreased] 


15. CH, (g) +H,O(g) == CO) + 3H, (g) 


For the above equation. 


How will the values of K, and composition of 
equilibrium mixture be affected by 
(i) increasing the pressure? 
(ii) increasing the temperature? 
(iii) using a catalyst? 
16. Calculate the pH of 0.08 M solution of HOCI. The 


ionisation constant of the acid is 2.5x 10°. Also 
calculate the per cent dissociation of HOCI. 


17. Calculate the oxidation number of S, Cr and N in 
H,SO,, Cr,027 and NO3. 
18. Classify the following substances into oxidising and 
reducing agents. 
(i) Ozone 
(iii) Chlorine 
19. Explain 


(i) Atomic hydrogen combines with all elements 
but molecular hydrogen does not? 


(ii) What is hydron? 

(iii) Hydrogen 
compounds? 
20. What happens when 


(i) silicon is heated with methyl chloride at high 
temperature in the presence of copper? 


(ii) SiO, is treated with HF? 
(iii) air is passed over red hot coke? 


(ii) Nascent hydrogen 


generally forms covalent 


or 
Write the balanced equations for 
(i) BR, + LiH—>? (ii) HJBO, —4> ? 
(iii) Al + NaOH —> ? 
21. Draw the resonating structures of , 
(i) CsH,NO, (ii) CsH, -— CH, 
(iii) Cs H;OCH, 
22. Explain why 
(i) benzylic free radical is more stable than allylic 
free radical? 
(ii) SO, acts as an electrophile? 
(iii) O,N—CH, — CH,O7 
CH,CH,O ? 


is more stable than 
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Value Based Question 


23. Mr. Sharma changed the amount in a cheque and 
was caught by police. Chromotography is an 
important technique extensively used to separate 
mixtures into their components to _ purify 
compounds and also to test the purity of 
compounds. If any cheque is written in a ink and 
some body else alters it with another ink, it can be 
detected with the help of chromatography. 


(i) What is the principle of chromatography? 


(ii) How can forgery be detected with the help of 
chromatography? 


(iii) What values are not possessed by Mr. Sharma 
involved in forgery? 


(iv) Can we separate components of orange ink by 
chromatography? 
Long Answer Type Questions 
24, (a) State Le-Chatelier's principle. 
(b) What is the effect on reaction mixture at 


equilibrium for the following chemical reaction, 
when pressure is increased? 


N, (g) + 3H, (g) == 2NH; (g) 


(c) Calculate the solubility of nickel hydroxide in 
0.25 M NaOH solution. Given that the solubility 
product of nickel hydroxide is 2.0 x10 '°? 


25. (a) How will you convert benzene into 
(i) p-nitrobromobenzene? 
(ii) m-nitrochlorobenzene? 
(iii) acetophenone? 
(b) Why the terminal hydrogen of propyne is acidic? 
(c) What happens when but-2-yne reacts with 
Na /lig. NH, ? 
26. (i) What happens when 
(a) borax is heated strongly? 
(b) boric acid is added to water? 
(c) BE, is reacted with NH, ? 
(ii) What happens when NaBH, reacts with iodine? 


(iii) What happens when Al is treated with dilute 
NaOH? 


The solutions of these questions are available on http://www.arihantbooks.com/Chemistry%20Spectrum.pdf 
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eral Instructions 


(a) All questions are compulsory. 


(b) Q. no 
(c) Q. no 
(d) Q. no 
(e) Q. no 
(f) Q. no 


Very Short Answer Type Questions 


5. 


What type of liquids form ideal solution? 


Why does a dry cell become dead after a long time even 
if it has not been used? 


Why the electron gain enthalpy with negative sign is 
less for oxygen than that of sulphur? 


There are two —NH, groups in semicarbazide. Why 


only one group involves in the formation of 


semicarbazones? 


Calculate the half-life of a reaction whose rate constant 
is 100s"'. 


Short Answer Type Questions 


6. 


7. 


10. 


74 


Explain, why [Fe(H,O),}** is strongly paramagnetic 
whereas [Fe(CN), [> is weakly paramagnetic? 
Which compound in each of the following pairs will 


react faster in Sy2 reaction with OH ? 
(i) CH,Br or CH,1] (ii) (CH3),CCl or CHCl 


Give one example for each of the following tests. 
(i) Carbylamine test (ii) Azo dye test 


Why propanol has higher boiling point than that of 
butane? 
or 


While separating a mixture of ortho and 
para-nitrophenols by steam distillation, name the 
isomer which will be steam volatile. Give reasons. 


What type of forces are involved in binding of substrate 
to the active site of enzyme? 
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. 1 to 5 are very short answer question and carry 1 mark each. 

. 6 to 10 short answer questions and carry 2 marks each. 

. 11 to 22 are also short answer questions and carry 3 marks each 
. 23 is a value based question and carry 4 marks. 

. 24 to 26 are long answer questions and carry 5 marks each. 


Short Answer Type Questions 


17. 


12. 


13. 


14. 


15. 


Give the answer for the following questions. 
(i) Write down the functional isomers of a carbonyl 
compound with molecular formula C,;H,O. 

(ii) Will a reversible reaction leads to completion with 
the conversion of whole reactant into product at 
reaction conditions? 

(iii) Ifa strong acid is added to the reaction mixture, what 
will be the effect on concentration of the product? 


Explain why 
(i) sulphuric acid is not used during the reaction of 
alcohols with KI? 
(ii) benzylic radicals are more stable? 
(iii) boiling point of iso-propyl chloride is lesser than 
1-chloro propane? 


Give reasons for the following. 
(i) Why are low spin tetrahedral complexes not 
formed? 
(ii) Why CuSO, -5H,O is blue in colour while CuSO, 
is colourless? 
(iii) Why do compounds having similar geometry have 
different magnetic moments? 


How do you account for the following? 
(i) All scandium salts are white. 
(ii) The first ionisation energies of the 5d transition 
elements are higher than those of the 3d and 4d 
transition elements in respective groups. 


Give reasons for the following. 
(i) N, is less reactive at room temperature. 
(ii) BiH, is the strongest reducing agent amongst all 
the hydrides of group 15-elements. 


16. 


17. 


78. 


19. 


20. 


21. 


22. 


The following curve is 


; 400 

obtained when molar 7 
oe . [e} 

conductivity A,, (y-axis) € she 
is plotted against the © 
square root of B 
concentration cr = B 
(x-axis) for two 02 04 
electrolytes A and B. CV (mort)? 


(i) What can you say about the nature of the two 
electrolytes A and B? 

(ii) How do you account for the increase in molar 
conductivity 1,, for the electrolytes A and B on 
dilution? 

Half-life of a first order reaction is 5 x10*S. What 

percentage of the initial reactant will react in 2 hrs. 

Calculate the quarter life time of the reaction. 

Write the Nernst equation and calculate the emf of the 
following cell. 
Fe(s) /Fe”* (0.001M) || H* (1M)/H, (g)/ Pt(s)(1 bar) 


[E°_ 24 = -0.44V] 
Fe* " / Fe 
Calculate AG. 
Consider the adsorption 4 
‘ ‘ x 195K 
isotherms given below and m 
interpret the variation in the ‘i 244 K 
extent of adsorption (x/ m) 
when 273 K 
(i) temperature increases at 
constant pressure P= 


(ii) pressure increases at 
constant temperature 
(iii) Name the catalyst and the promoter used in 


Haber's process for the manufacture of ammonia. 
How will you convert 4-nitrotoluene to 2-bromo 
benzoic acid? 

or 


Predict the reagents and the products in the following 
reaction sequence. 


‘i CH, CH, 
Seg ee 
| >| >| >3 
Z Z Zz  H)SO, 
| | 
NO, NH, NHCOCH, 


Evaluate the following. 

(i) Why vitamin C cannot be stored in the body? 

(ii) Why the melting point and solubility of amino 
acids in water are higher than those of the 
corresponding halo acids? 

(iii) What type of bonding helps in stabilising the 
o-helix structure of proteins? 

Write down about 

(i) Williamson's synthesis. 

(ii) Knoevenagel condensation. 
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Value Based Question 


23. 


Fermentation of sugars gives a mixture containing an 
alcohol A and water. The alcohol water mixture on 
fractional distillation gives an azeotropic mixture, 
which is composed of 95.6% alcohol and 4.4% water by 
mass, this mixture is called rectified spirit. To refrain 
people from drinking rectified spirit industrial alcohol 
is denatured. Some countries now use the alcohol A as 
an additive in gasoline since it is cleaner fuel. 

(i) Identify alcohol A. 

(ii) What is denaturation of alcohol? 
(iii) Would you support the use of alcohol ‘A’ as an 

additive in gasoline in India? 
(iv) What are the values associated with your decision? 


Long Answer Type Questions 


24. 


25. 


26. 


Answer the following questions. 
(i) NeF, does not exist. Why? 
(ii) The noble gas species which is iso-structural with 
IC]. 
(iii) HF is less acidic than HBr. 
(iv) Which neutral molecule is iso-electronic with ClO~ 
(v) Noble gases have comparatively large atomic 
sizes, why? or 
Explain why 
(i) CIF, exists but FCl, does not? 
(ii) PH, is a weaker base than NH, ? 
(iii) SbF, is much more stable than BiF, ? 
(iv) Sulphur in vapour state exhibits paramagnetic 
behaviour? 
(v) NF, is more stable than NCI, ? 


Aluminium crystallises in a cubic close packed 
structure. Its metallic radius is 125 pm. 
(a) What is the length of the side of the unit cell? 
(b) How many unit cells are there in 100 cm 
aluminium? or 


3 of 


Calculate packing efficiency in ccp structure. How 
does it differ from packing efficiency in hcp structure? 


A certain hydrocarbon (A) was found to contain 85.7% 
carbon and 14.3% hydrogen. This compound 
consumes 1 molar equivalent of hydrogen to give a 
saturated hydrocarbon (B). One gram of hydrocarbon 
(A) just decolourised 38.05g of a 5% solution 
(by weight) of Br, in CCl,. Compound (A) on oxidation 
with concentrated KMnO, gave compound (C) 
(molecular formula, C,H,;O) and acetic acid. 
Compound (C) could easily be prepared by the action 
of acidic aqueous mercuric sulphate on 2-butyne. 
Determine the molecular formula of (A) and deduce 
the structure of (A), (B), and (C). 

or 
In the following, identify the compounds/reaction 
conditions represented by the alphabets (A), (B), (C). 
eH coon gj gy 


cacy 


C) 


The solutions of these questions are available on http://www.arihantbooks.com/Chemistry%20Spectrum.pdf 
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Given by : CBSE as a Sample Paper 


General Instructions 
(i) All questions are compulsory 
(ii) Section A contains five Questions from 1 to 5 which are 
very short answer questions and carry 1 mark each. 
(iii) Section B contains five Questions from 6 to 10 which are 
short answer questions and carry 2 marks each. 
(iv) Section C contains twelve Questions from 11 to 22 which 
are also short answer questions and carry 3 marks each. 
(v) Section D contains one Questions number 23 which is 
value based question and carry 4 marks. 
(vi) Section E contains three Questions from 24 to 26 which 
are long answer questions carry 5 marks each. 
(vii) Use log tables if necessary. Use of calculator is not 
allowed. 


1. The following figure shows the variation of adsorption 
of N, on charcoal with pressure at different constant 


temperatures 

at 
= 
1s) 
= T; 
xe} 

I 
3 i 
9 3 
2 
oO 
o 
Zz 

Pressure—- 


Arrange the temperatures T,, 
increasing order. 


T, and T, in the 


2. Give the formula of a noble gas compound which is 
isostructural with IBr,. 


3. What is the effect of synergic bonding interactions ina 
metal carbonyl complex? 


4, PCl, acts as an oxidising agent. Justify. 


5. Write the name of the product formed when 
benzenediazonium chloride solution is treated with 
potassium iodide. 
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6. Name the crystal defect which reduces the density of 
an ionic solid? What type of ionic substances show this 
defect? 


7. The molar conductivity (A,,) of KCl solutions at 


different concentrations at 298 K is plotted as shown in 
the figure given below. 


150.2 
| 149.8 
149.4 
149.0 
148.6 
148.2 
147.8 
147.4 
147.0 


\ 
we 


T T T T r T T 
.005 .010 .015 .020 .025 .030 .035 
o2/(mol/L)”2 —> 


> 


Determine the value of °, for KCl. 


8. Aluminum crystallizes in an fcc structure. Atomic 
radius of the metal is 125 pm. What is the length of the 
side of the unit cell of the metal? 


9. Draw the structure of the following compounds. 
(i) H,S,0, (ii) XeOF, 
or 


Write the balanced chemical equations for the 
following 
(i) Reaction of chlorine with hot and concentrated 
NaOH. 
(ii) Sulphur dioxide is passed through an aqueous 
solution of Fe (III) salt. 


10. 0.5 g of KCl was dissolved in 100 g of water and the 
solution originally at 200°C, frozen at —0.240°C. 
Calculate the percentage dissociation of the salt. 


(Given K,; for water =1.86 K kg/mol, atomic mass: 
K =39u,Cl =35.5 u) 


11. State briefly the principles involved in the following 
operations in metallurgy. Give an example. 
(i) Hydraulic washing (ii) Zone refining 
(i) What type of deviation from Raoult's law is 
observed, when two volatile liquids A and B on 
mixing produce a warm solution? Explain with the 
help of a well labeled vapour pressure graph. 

(ii) Consider separate solutions of 0.5 M CH,OH, 
0.250 M KCl(aq) and 0.125 M Na,PO,(aq). Arrange 
the above solutions in the increasing order of their 
van't Hoff factor. 


12. 


13. Write the Nernst equation and calculate the emf for the 
following cell at 298 K: 
Mg(s)| Mg2* (0.001 M) ||Cu?* (0.0001 M)/Cu(s) 
How does E,,,, vary with the concentration of both 
Mg?* and Cu?* ions? (Given, E°.. = 2.71 V) 


14. Explain the following observations giving appropriate 
reasons: 
(i) Ozone is thermodynamically unstable with respect 
to oxygen. 
(ii) The HEH bond angle of the hydrides of group 
15 elements decrease as we move down the group. 
(iii) Bleaching effect of chlorine is permanent. 


(i) Predict the number of unpaired electrons in the 
tetrahedral [MnBr,]?~ ion. 
(ii) Draw structures of geometrical 
[Co(NH,),Cl,] *. 
(iii) Write the formula for the following coordinate 
compound: 
Amminebromidochloridonitrito-N-platinate (II) 


15. 


isomers of 


16. Explain what is observed when 
(i) silver nitrate solution is added to potassium iodide 
solution? 
(ii) the size of the finest gold sol particles increases in 
the gold sol? 
(iii) two oppositely charged sols are mixed in almost 
equal proportions? 
(i) In the following pairs of halogen compounds, 
which would undergo Sy1 reaction faster? Explain. 


Cl Cl 
[ | 


and 


17. 


and 


(ii) Amongst the isomeric dihalobenzenes which 
isomer has the highest melting point and why? 

(iii) Arrange the following haloalkanes in the 
increasing order of density. Justify your answer. 
CCL, CH,Cl, and CHC]. 


78. An organic compound (A) has characteristic odour. 
On treatment with NaOH, it forms compounds (B) and 
(C). Compound (B) has molecular formula C,H,O 
which on oxidation gives back (A). The compound (C) 
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is a sodium salt of an acid. When (C) is treated with 
soda-lime, it yields an aromatic compound (D). Deduce 
the structures of (A), (B), (C) and (D). Write the 
sequence of reactions involved. 


(a) Give one chemical test to distinguish between the 
following pairs of compounds: 

(i) Methylamine and dimethylamine. 

(ii) Aniline and benzylamine. 

(b) Write the structures of different isomers 
corresponding to the molecular formula C,;Hy)N, 
which will liberate nitrogen gas on treatment with 
nitrous acid. 


19. 


20. (a) Exemplify the following reactions: 
(i) Rosenmund reduction reaction. 
(ii) Kolbe electrolysis reaction. 
(b) Arrange the following compounds in the increasing 
order of their reactivity towards HCN: 
Acetaldehyde, acetone, Di-tert-butyl ketone. 


or 
(a) Predict the products of the following reactions: 


(i) Cl, Red phosph 
(i) CH, — CH, — COOH 1) Clyp Red phosphorus 


(ii) HO 


CH, 


es (i) CS, 
(i) | + CrO,Cl, 
4 (ii) H,0* 
(b) Arrange the following compounds in the increasing 
order of acid strength: Benzoic acid, 4-nitrobenzoic 


acid, 4-methoxybenzoic acid. 


21. (i) Identify the monomer in the following polymeric 


structure: 
CN 


| 
[CH, —CH—CH—CH, —CH, —CH], 
(ii) On the basis of forces between their molecules in a 
polymer to which class does neoprene belong? 


(iii) Can both addition and condensation 
polymerisation result in the formation of a 
copolymer? 


(i) Which of the following biomolecule is insoluble in 
water? Justify. 
Insulin, Haemoglobin, Keratin. 
(ii) Draw the Haworth 
a-D-glucopyranose. 
(iii) Write the chemical reaction to show that glucose 
contains aldehyde as carbonyl group. 


22. 


structure for 


23. John had gone with his mother to the doctor as he was 
down with fever. He then went to the chemist shop 
with his mother to purchase medicines prescribed by 
the doctor. There he observed a young man pleading 
with the chemist to give him medicines as he had nasal 
congestion. The chemist gave him cimetidine. John 
advised and also explained to the young man that he 
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should only take the medicines prescribed by the 
doctor. 


Answer the following questions: 
(a) Did the chemist give an appropriate medicine? 
Justify your answer. 
(b) John's action was appreciated by his mother. 
List any two reasons. 


(a) Write the mechanism of hydration of ethene to form 
ethanol. 

(b) How are the following conversions carried out? 
(i) Propanol to propan-2-ol. 
(ii) Propanol to 1-propoxypropane. 

(c) Give the structure and the IUPAC name of the 
major product obtained in the following reaction: 


24. 


| SS) cone. HNO, 
nT <2 


Za 
or 
(a) Write the mechanism of the reaction of HI with 
methoxymethane. 
(b) Identify A and B in the following reactions: 
ite 
“ NaOH | (4) co, 
| —— A-———> B 
Zz (ii) H 
(c) Give the structure and the IUPAC name of the 
major product obtained in the following reaction: 


OC)H; 
a conc. HNO3 
| Z4 conc. H»SO,4 


(a) A blackish brown coloured solid (A) which is an 
oxide of manganese, when fused with alkali metal 
hydroxide and an oxidizing agent like KNO,, 
produces a dark green coloured compound (B). 
Compound (B) on disproportionation in neutral and 
acidic solution gives a purple coloured compound 
(C). Identify A, B and C and write the reaction 
involved when compound (C) is heated to 513 K. 

(b) (i) E° M°*/M?* values for the first series of 
transition elements are given below. 


25. 


Answer the question that follows: 
E° (v) T | vi) cr | Mn | Fe | Co 
ms* /M?* | 0,37 |= 0.26) - 0.41) +1.57 +0.77 +1.97 


Identify the two strongest oxidizing agents in 
the aqueous solution from the above data. 

(ii) Copper (I) ion is not known in aqueous 
solution. 

(iii) The highest oxidation state of a metal is 
exhibited in its oxide. 

or 
(a) Write the balanced equations to represent what 
happens when 


(i) Cu’* is treated with KI? 


(ii) Acidified potassium dichromate solution is 
reacted with iron (II) solution? 
(ionic equation) 


(b) (i) The figure given below illustrates the first 
ionization enthalpies of first, second and third 
series of transition elements. 

Answer the question that follows 


900 + Ir 


| 800 F 


700 


|.E; (kdmoL-71) 


Transition Elements ——- 
Which series amongst the first, second and 
third series of transition elements have the 
highest first ionization enthalpy and why? 
(ii) Separation of lanthanide elements is difficult. 
Explain. 

(iii) Sm?*, Eu’* and Yb”* ions in solutions are good 
reducing agents but an aqueous solution of 
Ce'* is a good oxidizing agent. Why? 

(i) Graphically explain the effect of temperature on 
the rate constant of reaction. How can this 
temperature effect on rate constant be represented 
quantitatively? 

(ii) The decomposition of a hydrocarbon follows the 
equation k = (4.5x10'' se? k / t. Calculate E,. 


or 
(i) In the reaction Q + R— Products 
The time taken for 99% reaction of Q is twice the 
time taken for 90% reaction of Q. 
The concentration of R varies with time as shown in 
the figure below 


26. 


[Ro] 


Concentration of R —> 


(e) 


Time —- 
What is the overall order of the reaction? Give the 
units of the rate constant for the same. Write the 
rate expression for the above reaction. 

(ii) Rate constant for a first order reaction has been 
found to be 2.54x 10—3s 7. Calculate its three- 
fourth life. 


The solutions of these questions are available on http://www.arihantbooks.com/Chemistry%20Spectrum.pdf 
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Knowledge Coefficient ~ 


Quizzer (No. 4) 


1. 


3. 


In order to determine the percentage impurity of 
pyrolusite ore (an ore of Mn containing impure 
MnO,), 0.5 g of ore was treated with 1.5 g of oxalic 
acid (H,C,O, -2H,O) in acidic medium. 


The excess of an oxalic acid was titrated with 
KMn0O, that required 30.05 mL of 0.1 M KMnO, for 
complete titration. 

The percentage of MnO, in the ore is around 

(a) 90% (b) 25% 

(c) 76% (d) 84% 

In order to determine the percentage composition of 
a mixture of NaNO, and NaNO,, 4.02 g of the 
sample was taken and dissolved in 500 mL of water 
and 25 mL of the solution was treated with 50 mL of 
0.12 M Ce** in acidic medium. The excess of 
Ce‘* was titrated with 31mL of 0.043 M Mohr's salt. 
The percentage of NaNO, in the sample is around 
(a) 78% (b) 22% 

(c) 64% (a) 36% 

The following reaction gives a mixture of three 
different products. 


OH 
CO TSO hate 
Heat 
OH 


Which of the following is not among any one of the 
above three products? 


ON 
SS 
(c) 
OC 


O 


ne 
e| || 
sa 


ai YX. 


4. 


5. 


Cy 
d 


The major product obtained in the following 
reaction is 


H,SO, 
H,0 
oO 
(a) — (b) / 
HO HO 
HO HO 
Polyisobutylene is a polymer used for the 
production of synthetic rubber. A 0.50 g of 


polyisobutylene when dissolved in 100 mL of 
benzene at 25°C produces an _ osmotic 
pressure that supports a 5.1mm column of solution 
(density =0.88 g/mL). The number of isobutylene 
units in the polymer is around (take density of Hg as 


13.6 g/mL) 

(a) 4000 (b) 3000 

(c) 5000 (da) 6000 

An unknown organic compound containing 


carbon, nitrogen, hydrogen and oxygen has a 
percentage composition of 42.9% C, 2.4% H, 
16.7% N and 38.1% O by weight. When 6.45g of 
this compound was added to 50 mL of benzene 
(density =0.879 g/mL), the freezing point was 
lowered from 5.53 to 1.37°C. Number of oxygen 
atoms present in the compound is 


(a) 4 (b) 3 (c) 5 (d) 2 
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7. Which of the following doesn't represent the correct 
order of basicity of the following amines? 


(a)Ph—NH—Ph<PhNH, < ( — )—NHb 

= \ aw 9. 
o) [NH CAN < LM 

H 

N H Ns 
5 @) < \ 7 < LJ 

a CONH ‘ NH = CH;NH 

Joe) 2 an A Fos fe 
d J <lOJ 


(CJ << 


8. Write the final product (D) formed in the series of 10 
reactions given below. : 


‘ S MPCBA: KCN 2 KON We H,CrO, Dd 
/ H,0  H,O/A 
1 
COOH a 
a 
@ ol J 
COOH 


KNOWLEDGE 


Coefficient 
Quizzer (No. 4) 


(ALL PARTICULARS TO BE FILLED UP IN BLOCK CAPITAL LETTERS) 


( \ | (d) \ 


\cooH 


Ethyl acetate is formed by reacting acetic acid with 
ethyl alcohol. In an experiment the above reaction 
was brought to equilibrium by taking 1.00 mole of 
acetic acid and 0.50 mole of ethanol. A sample 
containing 1/100th of equilibrium requires 28.85 mL 
of 0.10M B(OH), for complete titration. The K, value 
for the above reaction will be 

(a) 10 (b) 4 

(c) 20 (d) 16 


10 mL of 0.0405 M HCl was titrated with 0.0112 M 


Ba (OH), solution in the presence of the indicator 
2, 4-dinitrophenol. The solution changes from 
colourless to yellow when approximately 18 mL of 
the base was added. The pkK,, in value of the 
indicator 2, 4-dinitrophenol is 
(a) 3.8 (b) 4.2 
(c) 4.8 (d) 3.2 
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